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SECTION  1 


INTRODUCTION 

High  peiformance  aerospace  systems  are  dependent  on  materials  that  are  lighter,  have 
improved  mechanical  properties,  and/or  offer  a  cost  savings.  Aluminum  alloys  that  met  these 
criteria  were  the  newly  d^eloped  aluminum-lithium  alloys  and  the  second  generation  powder 
metallurgy  alloys. 

In  1985,  the  Air  Force  along  with  the  aaroqiace  community  found  it  important  to 
investigate  the  potential  of  these  promising  aluminum  alloys.  A  cooperative  program  was 
formed  by  the  Wright  Laboratory  Materials  Directorate,  Systems  Support  Division,  and  a  number 
of  aerospace  industries.  The  Air  Force  would  obtain  the  test  material  from  the  producers, 
compile  the  test  data,  and  submit  reports  to  the  participants.  The  participants  agreed  to  support 
the  program  by  performing  mechanical  property  tests  which  incli^  tension,  compression, 
bearing,  shear,  fracture  toughness,  and  fatigue  related  properties  (S/N,  da/dn).  The  Air  Force 
elected  to  perform  spectrum  fatigue  crack  growth  testing  on  most  alloys.  A  list  of  participants  is 
shown  in  die  following  table. 

This  Interim  report  contains  the  aluminum-lithium  alloys  produced  by  Alcoa  2091 
0.063  inch  thick  sheet,  2091 0.144  inch  thick  sheet,  2091  0.5  inch  plate,  8090  hat  extrusion  and 
8090  L  extrusion.  Comparisons  to  other  materials  and  ranking  of  materials  are  generally  avoided 
since  each  potential  application  may  be  based  on  different  evduation  criteria. 


TABLE 


PARTICIPANTS  AND  ADVANCED  ALUMINUM  ALLOYS 
in  the  COOPERATIVE  TEST  PROGRAM 

AUMMUMUTHMUAUjOVS  I 


PAM  AUJMiNUM  AaOYS 
KASERIALCOA  I 
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SECTION  2 


MATERIALS  AND  TESTS 

The  Alcoa  aluminum-lithium  alloys  were  received  on  various  dates:  2091-T3  0.063- 
inch  sheet  October  1988, 2091-T3  0.144-inch  sheet  March  1988, 2091-T8  O.S-inch  plate  March 
1989,  and  8090-T8  hat  extrusion  ami  8090-1^  L  extrusion  Septembo*  1991.  The  2091  was 
developed  for  maximum  damage  tolerance  and  8099  for  damage  tolerance  and  higher  strength. 

The  2091-T3  0.063-inch  sheet  was  tested  as  received  by  the  Air  Force  and  Martin 
Marietta.  However,  Northrop  and  McDonnell  aircraft  Comj^y  hrat  treated  the  alloy  to  a  T8 
condition.  The  2091-T3  0. 144-inch  sheet  was  tested  as  received  by  the  Air  Force,  Martin 
Marietta  and  McDonneU  Douglas  Astronautics.  However,  General  Dynamics  ag^  their  material 
at  16  and  32  hours  at  33S°F  and  Northrop  heat  treated  their  material  to  a  T8X  temper.  The  2091- 
T8  O.S-inch  plate  was  tested  as  received.  The  dimensions  of  the  8090-T8  hat  and  L-extrusion  are 
shown  in  Appendix  M  Figure  Ml  and  Figure  M2  respectively.  The  L-extrusion  had  to  be  cut  for 
achieving  the  T8  condition  making  a  thin  and  a  thick  piece.  The  L-extrusion  was  received  in  two 
pieces  (0.60”  x  4.00”  x  length  and  1.55”  x  1.55”  x  length). 

Mechanical  properties,  (tension,  compression,  bearing,  shear,  and  fracture  toughness) 
fatigue  and  constant  amplitude  fatigue  crack  growdi  tests  were  tested  according  to  ASTM 
standards,  unless  otherwise  specifi^. 

Spectrum  tests  were  performed  by  the  Air  Force  using  FALSTAFF  (a  severe  fatigue 
environment)  and  Mini-TWIST  (a  moderately  intense  fatigue  environment)  spectrums. 
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SECTION  3 
PRESENTATION 

Each  paidcipant  compiM  a  dm  package  which  contained  the  data  they  generated. 
Some  of  these  data  packages  contained  discussions  and  in  otter  cases,  only  the  data  were 
provided  The  tensile,  con^ression,  bearing,  and  shear  are  put  in  tabular  form.  Fracture 
ttwghness,  fatigue,  fatigue  crack  growth,  and  spectrum  fatigue  crack  growth  data  were  placed  in 
tabular  atKl  graphical  form. 
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SECTION  4 


RESULTS  AND  DISCUSSION 

The  Hata  generated  by  the  participants  on  the  2091  sheet,  plate,  and  8090  extrusions 
are  in  the  Ai^)endices.  The  following  table  litas  the  aluminum-lithium  alloy,  form,  and  the 
appendix  in  which  die  data  can  be  found 


Table 

Contents  of  Appendices 


Aluminum-Lithium  Alloy 

Form 

Appendix 

2091-T3 

0.063"  Sheet 

J 

2091-T8 

0.063"  Sheet 

J 

2091-T3 

0.144"  Sheet 

K 

2091-T8 

0.144"  Sheet 

K 

2091-T8 

0.500"  Plate 

L 

8090-T8 

Hat  Extrusion 

M 

8090-T8 

L-Extrusion 

M 
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SECTIONS 


CONCLUSIONS 

Seven  aerospace  laboratories  participated  in  generating  data  on  the  2091  sheet,  plate,  and 
8090  extrusions  for  the  cooperative  test  program.  These  data  combined  with  previous  interim 
repom  on  the  Air  F(»ce/Industry  Coopmtive  Test  E*rogram  on  Advanced  Aluminum  Alloys 
provide  an  extensive  data  base  on  aluminum-lithium  alloys. 
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2091-T3and2091-T8 
0.063-Iiich  Sheet 
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TABLB  J1 


TBM8ILB  RBSDLTS  FOR  ALC»A 
2091-T3  SHBBT  (0.063-  X  48-  X  48-) 


CXMPMnr  TIST  ORZKNT-  OLTINRTK  YIIU)  KLONG  RA  I 

TBMP  ATZOH  STRINGTH  STRENGTH  (%)  (%)  (MSI) 

(DEGREES  F)  (ESI)  (KSZ) 


MARTIN 

RT 

U»fG 

62.5 

48.1 

19.0 

23.0 

10.8 

MARIETTA, 

61.1 

47.0 

19.5 

23.0 

10.6 

LOUISIANA 

61.7 

47.5 

21.0 

23.0 

10.1 

AIR  FORCE 

RT 

IXNfG 

60.8 

47.6 

22.4 

24.8 

60.7 

47.6 

25.1 

23.1 

60.4 

47.5 

22.9 

23.1 

AVERAGE 

61.2 

47.6 

21.7 

23.3 

10.5 

STANDARD 

DEVIATICm 

0.8 

0.4 

1.0 

0.3 

0.4 

TABLE  J2 

TENSILE  RESULTS 

FOR 

ALCOA 

2091-T3  SHEET  (0.063 

-  X 

48-  X 

48-) 

COMPANY 

TEST 

ORIENT¬ 

ULTIMATE 

YIELD 

EIXHIG 

RA 

E 

TEMP 

ATION 

STRENGTH 

STRENGTH 

(*) 

(%) 

(MSI) 

(DEGREES 

F) 

(ESI) 

(ESI) 

AIR  FORCE 

RT 

45 

60.6 

40.4 

23.4 

27.3 

60.6 

40.4 

22.9 

25.3 

60.8 

41.1 

21.8 

26.4 

AVERAGE 

60.7 

40.6 

22.7 

26.3 

STANDARD 

DEVIATION 

0.1 

0.4 

0.8 

1.0 
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TMSIJt  J3 


TKNSZLB  RBStn:.T8  TOR  ALCOA 
2091-T3  SHKIT  (0.063"  X  48"  X  48") 


CONPAMY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 
8TI  LENGTH 
(KSI) 

YIELD 

STRENGTH 

(KSI) 

EIXNIG 

{%) 

RA 

(%> 

AIR  FORCE 

RT 

60 

62.4 

41.9 

23.6 

24.5 

60.5 

39.7 

20.4 

25.1 

60.5 

22.1 

26.2 

AVERAGE 

61.1 

40.8 

22.0 

25.3 

STANDARD 

DEVIATION 

1.1 

1.6 

1.6 

0.9 

X 

(MSI) 


TABLE  J4 

TSNSILX  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.063"  X  48*  X  48”) 


OOMPANy 

TEST 

TEMP 

(DEGREES  P) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

XLONG 

(») 

RA 

(*) 

E 

(MSI) 

MARTIN 

RT 

L  TRANS 

65.0 

43.2 

11.0 

19.0 

10.4 

MARIETTA, 

65.8 

44.5 

19.0 

19.0 

10.9 

LOUISIANA 

65.5 

42.7 

17.0 

19.0 

8.9 

AIR  FORCE 

RT 

L  TRANS 

63.9 

42.7 

17.1 

20.7 

63.5 

42.1 

17.9 

21.4 

64.2 

43.7 

19.0 

21.2 

AVERAGE 

64.7 

43.2 

16.8 

20.1 

10.1 

STANDARD  DEVIATION 

0.9 

0.9 

3.0 

1.2 

1.0 
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R-CURVE  FOR  2091 -T3.  .063  Inch  SHEET 


Figure  J1 ,  R-Curve  Results  for  2091-T3  0.063  inch  Sheet 
(L-T  Orientation). 

Martin  Marietta. 


R-CURVE  FOR  2091 -T3,  .063  inch  SHEET 
(transverse) 


Figure  J2.  R-Curve  Results  for  2091-T3  0.063  inch  Sheet 
(T-L  Orientation) . 

Martin  Marietta. 
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R-CURVE  FOR  2091 .  .063  inch  Sheet 
(longitudinai) 

(effective  crack  iength  adjusted  for  plastic  zone) 


Figure  J3.  R-Curve  Results  for  2091-T3  0.063  Inch  Sheet, 
with  Effective  Crack  Length  Adjusted  for 
Plastic  Zone  (L-T  Orientation"). 

Martin  Marietta. 
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R-CURVE  FOR  2091-13,  .063  Inch  SHEET 
(transvaise) 

( effective  crack  length  adjusted  for  plastic  zone) 


3.5  4.0  4.5  5.0  5.5  6.0  6.5  7.0  7.5  6.0 

EFFECTIVE  CRACK  LENGTH,  Ae  (Ae-Ao-f-Ap+rho)  in  inches 


Figure  J4.  R-Curve  Results  for  2091-T3  0,063  Inch  Sheet 
with  Effective  Crack  Length  Adjusted  for 
Plastic  Zone.  (T-L  Orientation), 

Martin  Marietta, 


TABLE  J5 


R-Curve  Data  Associated  with  Figures  Jl  and  J3 


DATA  FOR  SPECIMEN  NO.  1 


.d.Wps 


0 

3.0 

6.1 

10.1 

13.8 

17.4 

20.8 

23.1 

26.7 

30.9 

34.9 

37.7 

36.3 

40.4 

42.5 
43.4 
44.3 
44.3 

44.7 

44.8 

44.8 

45.2 

44.9 

44.7 

44.3 

44.3 

43.8 

43.6 

42.1 

41.8 

41.7 

41.4 

40.9 

39.2 

35.6 


2091  *13  LONGITUDINAL  SHEET 


HaM  Crack 

Length 

(aj.kich 

Hal 

Crack  Length 
(a-fitw). 
inch 

3.835 

3.835 

3.835 

3.838 

3.835 

3.851 

3.835 

3.679 

3.870 

3.955 

3.890 

4.027 

3.895 

4.095 

3.900 

4.150 

3.900 

4.241 

3.925 

4  416 

3.950 

4.613 

3.995 

4.813 

4.015 

4.873 

4.080 

5.113 

4.180 

5.437 

4.255 

5.667 

4.330  . 

5.902 

4.375 

5.985 

4.490 

6.293 

4.515 

6.362 

4.525 

6.384 

4.600 

6.661 

4.710 

6.908 

4.765 

7.013 

4.810 

7.034 

4.830 

7.120 

4.900 

7.186 

4.960 

7.320 

5.140 

7.376 

5.190 

7.473 

5.240 

7.648 

5.325 

5.385 

5.650 

6.040 

Corresponding  Fracture 
Tmmhness  kai>/lnch 
Not  Adiusiad  Adjusted 


0.0 

0.0 

7.4 

6.9 

15.0 

15.1 

24^9 

25.1 

34.2 

34.6 

43.3 

44.1 

51.8 

53.2 

57.5 

59.5 

88.5 

69.6 

77.3 

83.5 

87.7 

97.0 

95.5 

107.7 

97.3 

1  110.3 

103.7 

121.3 

110.9 

133.5 

114.6 

141.5 

118.4 

149.3 

118.4 

151.1 

122.4 

159.9 

122.4 

161.8 

122.4 

162.3 

125.9 

170.9 

127.2 

176.5 

127.2 

178.5 

127.2 

177.5 

127.2 

180.2 

127.2 

180.0 

128.3 

182.9 

127.3 

178.0 

127.3 

179.9 

127.3 

184.7 

128.7 

128.7 

128.7 

123.2 

Thickness  -  .063  inches 
Yield  Strength  -  47.5  ksi 
Specimen  Width  -  23S8  inches 
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TABLE  J6 

R-Curve  Data  Associated  with  Figures  J1  and  .13 


DATA  FOR  SPECIMEN  NO.  2 
2091 -T3  LONGITUDINAL  SHEET 


m 

Half  Crack 
Length 
(a),  inch 

Half 

Crack  Length 
(a  +  rho) , 
inch 

Correspondii 
Toughness 
Not  Adjusted 

ig  Fracture 

Jisi  :/inch 
Adjusted 
for  Plasticity 

3.835 

3.835 

0.0 

0.0 

3.835 

3.847 

14.1 

13.2 

3.875 

3.921 

25:3 

25.5 

3.875 

3.978 

37.8 

38.3 

20.1 

3.875 

4.060 

49.9 

51.2 

25.2 

3.885 

4.185 

62.7 

65.2 

30.1 

3.920 

4.382 

75.3 

80.9 

35.1 

3.955 

4.630 

88.3 

97.8 

38.7 

4.020 

4.921 

98.4 

113.0 

41.0 

4.085 

5.172 

105.4 

124.1 

43.3 

4.160 

5.501 

112.7 

137.9 

44.9 

4.245 

5.825 

118.4 

149.7 

45.5 

4.305 

6.042 

121.1 

156.9 

46.0 

4.355 

6.225 

123.4 

162.8 

46.5 

4.495 

6.723 

127.5 

177.7 

46.5 

4.560 

6.951 

128.8 

184.1 

46.5 

4.635 

7.376 

130.3 

197.1 

46.0 

4.730 

130.3 

45.3 

4.885 

131.9 

44.9 

4.940 

131.9 

44.2 

5.045 

131.9 

43.4 

5.175 

131.9 

42.3 

5.325 

131.9 

42.5 

5.350 

131.9 

41.6 

5.470 

131.9 

40.4 

5.610 

131.9 

39.3 

5.800 

131.9 

Thidmess  « .063  inches 
Yield  Strength  »  47.5  ksi 
Specimen  Width  **  23.87  inches 
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TABLE  J7 

R-Curve  Data  Associated  with  Figures  J2  and  J4 
DATA  FOR  SPECIMEN  NO.  3 
2091 -T3  TRANSVERSE  SHEET 


Load,  kips 

Han  Crack 

Length 
(a),  inch 

Has 

Crack  Length 
(a+rho). 

Inch 

Corresponding  F 
Touohness.  ksi 
Not  Adjusted 

racture 

Vinch 
Adjusted 
for  Plasticitv 

0 

3.875 

3.875 

0.0 

0.0 

5.1 

3.875 

3.887 

12.7 

11.8 

10.3 

3.875 

3.931 

25.6 

25.8 

15.0 

3.880 

4.001 

37.3 

37.9 

20.2 

3.880 

4.105 

50.2 

51.8 

24.8 

3.880 

4.230 

61.6 

64.5 

30.1 

3.925 

4.494 

75.4 

82.3 

31.9 

4.673 

80.9 

89.5 

34.0 

4.861 

87.0 

97.9 

35.8 

5.015 

91.8 

106.0 

37.7 

5.214 

97.2 

114.8 

38.1 

5.293 

98.7 

117.4 

38.6 

5.354 

100.2 

119.9 

39.0 

4.175 

5.439 

101.7 

122.6 

39.8 

4.260 

5.684 

105.2 

130.1 

39.9 

4.290 

5.748 

105.2 

131.7 

40.0 

4.360  . 

5.883 

107.4 

134.6 

40.4 

4.500 

6.226 

110.9 

143.2 

40.4 

4.555 

6.338 

110.9 

145.6 

40.4 

4.640 

6.519 

113.3 

149.5 

40.2 

4.710 

6.660 

113.3 

152.3 

40.2 

4.790 

6.856 

115.4 

156.7 

40.1 

4.830 

6.934 

115.4 

158.2 

39.8 

4.910 

7.099 

115.4 

161.3 

39.8 

4.975 

7.318 

117.5 

167.4 

39.2 

5.140 

118.6 

38.5 

5.315 

118.6 

37.7 

5.485 

120.1 

37.5 

5.625 

122.0 

36.5 

5.810 

122.0 

Thickness  >  .063  inches 
YiekJ  Strength  >  43.5  Ksi 
Spednten  Width  «  23.87  inches 
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TABLE  J8 


R-CURVE  DATA  ASSOCIATED  WITH  FIGURES  J2  AND  J4 


DATA  FOR  SPECIMEN  NO.  4 
2091 -T3  TRANSVERSE  SHEET 


Load,  kips 

Halt  Crack 

Length 
(a),  inch 

Hal 

Crack  Length 
(a+tho), 
inch 

Conespondlng  F 
Tounhness.  ksi 
Not  Adjusted 

racture 

Wich 
Adjusted 
tor  Plaslicity 

0.0 

3.845 

3.845 

0.0 

0.0 

5.1 

3.845 

3.857 

12.6 

11.8 

10.4 

3.845 

3.901 

25.7 

25.9 

1S.3 

3.880 

4.006 

36.0 

38.7 

20.0 

3.895 

4.116 

49.8 

51.3 

25.1 

3.895 

4.256 

62.5 

65.5 

30.1 

3.915 

4.481 

75.2 

82.1 

33.7 

3.985 

4.751 

85.2 

95.5 

36.2 

4.105 

5.092 

93.3 

108.4 

37.4 

4.145 

5.246 

97.0 

114.4 

38.1 

4.245 

5.459 

100.4 

120.1 

38.8 

4.350 

5.717 

104.0 

127.5 

39.2 

4.430 

5.900 

106.4 

132.2 

39.4 

4.565  . 

6.170 

109.2 

138.1 

39.4 

4.625 

6.282 

110.2 

140.4 

39.4 

4.755 

6.571 

112.4 

146.9 

39.4 

4.815 

6.701 

113.5 

149.8 

39.3 

4.900 

6.905 

114.6 

154.4 

39.1 

5.030 

7.226 

116.3 

161.6 

38.3 

5.260 

7.896 

117.9 

177.0 

38.3 

5.320 

119.0 

38.3 

5.350 

119.0 

38.2 

5.400 

120.1 

37.7 

5.495 

120.1 

37.6 

5.605 

121.9 

36.9 

5.735 

121.9 

35.8 

5.990 

122.9 

31.9 

6.185 

112.8 

31.9 

6.575 

119.7 

TMckness  >  .063  inches 
Yield  Strength  >  43S  ksi 
Specimen  Width  >  23£8  inches 
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Figure  J6,  FALSTAFF  Spectrum  Crack  Growth  Rate 
vs  Kmax  Data  for  2091-T3 
0.063  Inch  Sheet. 
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Figure  J7,  Mlnl-IVIST  Spectrum  Crack  Length  vs  Flights  Data  for 
for  2091-T3  0.063  Inch  Sheet. 

Air  Force 


brack  growth  rate  <in/f light) 


CMPa  fm  > 


100 


Figure  J8.  Mini-TWIST  Spectrum  Crack  Growth  Rate  vs 
Kmax  Data  for  2091-T3 
0.063  Inch  Sheet,  Air  Force 
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TABUt  39 


TBNSXIiB  RESULTS  FOR  ALCOA 


2091-T8  SHEET  (0.063-  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(OEOREES 

ORIENT¬ 

ATION 

P) 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(ESI) 

ELONG 

{*) 

RA 

(*) 

E 

(MSI) 

MCAIR 

RT 

LONG 

62.5 

50.0 

22.0 

5.5 

62  c  5 

49.4 

21.0 

5.4 

61.5 

49.2 

20.0 

5.9 

NORTHROP 

RT 

LONG 

65.2 

53.2 

21.9 

11.2 

64.9 

52.9 

19.0 

11.2 

64.9 

53.1 

21.9 

11.2 

64.7 

52.9 

21.9 

11.3 

AVERAGE 

63.7 

51.5 

21.1 

8.8 

STANDARD 

DEVIATION 

1.5 

1.9 

0.6 

3.0 

TABLE  JIO 

TENSILE  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063"  X  48"  X  48") 


0(»IPAMY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

P) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%) 

RA 

(*) 

E 

(MSI) 

MCAIR 

RT 

45  DEG 

62.0 

38.0 

24.0 

6.0 

62.0 

38.5 

25.0 

5.9 

62.5 

38.0 

22.0 

6.7 

NORTHROP 

RT 

45  DEG 

64.3 

43.9 

16.9 

11.0 

63.4 

43.8 

14.1 

11.0 

64.1 

43.9 

17.2 

11.2 

63.8 

43.1 

16.7 

11.0 

AVERAGE 

63.2 

41.3 

19.4 

9.0 

STANDARD 

DEVIATION 

1.0 

3.0 

4.2 

2.6 
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TABUS  Jll 


TBNSIUE  RKSULTS  FOR  ALCOA 
2091-T8  SHBBT  (0.063"  X  48"  X  48") 


OOMPAMY 

TEST 

TBMP 

(DBGRXXS  F) 

ORIENT- 

ATI(»i 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

BLONG 

(*) 

MCAIR 

RT 

L  TRAMS 

64.5 

40.9 

18.0 

65.0 

43.6 

16.0 

66.0 

42.3 

21.0 

NORTHROP 

RT 

L  TRAMS 

67.9 

47.7 

20.8 

68.2 

47.4 

18.2 

67.5 

47.7 

16.9 

68.3 

47.2 

18.7 

AVERAGE 

65.2 

42.3 

18.3 

STANDARD  DEVIATION 

0.8 

1.4 

2.5 

B 

(MSI) 


5.6 

5.9 

5.5 

11.3 

11.3 

11.2 

11.1 


5.7 

0.2 
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B  J12 


COMPANY 

NCAIR 

NORTHROP 


CXNfPANY 

MCAXR 


COMPRESSION  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063"  X  48"  X  48") 


TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  P) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(KSI) 

RT 

LONG 

12.5 

11.5 

RT 

LONG 

41.7 

11.5 

42.2 

11.2 

41.7 

12.1 

AVERAGE 

41.9 

11.8 

STANDARD 

DEVIATION 

0.3 

0.5 

TABLE  J13 

COMPRESSION  RESULTS  FOR  ALCOA 
^091-T8  SHEET  (0.063"  X  48"  X  48") 

TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE  YIELD  STRENGTH  MOTULUS 

(DEGREES  P)  (KSI)  (KSI) 

RT  45  DEG  12.1 

12.2 

11.7 

AVERAGE  12.0 

STANDARD  DEVIATION  0.3 
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TABLE  J14 


COMPANY 


MCAZR 


NORTHROP 


COMPRESSION  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063"  X  48"  X  48") 


TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI) 

(KSI) 

RT 

L  TRANS 

12.6 

12.6 

12.  S 

RT 

L  TRANS 

46.4 

12.1 

48.8 

11.9 

48.9 

12.0 

AVERAGE  48.7  12.3 

STANDARD  DEVIATION  0.3  0.3 
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TABLB  JIS 


SIX>mO  SHBAR  RESULTS  FOR  ALGOR 
2091-T8  SHXIT  (0.063-  X  48”  X  48") 


COMPANY 

ORIENTATION 

SHEAR 

STRENGTH 

(KSI) 

MCAIR 

LONG 

44.8 

46.8 

NORTHROP 

LONG 

43.9 

43.8 

43.7 

AVERAGE 

44.6 

STANDARD  DEVIATION 

1.3 

TABLS  J16 

SLOTTED  SHEAR  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063”  X  48”  X  48”) 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


NORTHROP  L  TRANS  44.7 

45.0 

44.6 

AVERAGE  44.8 

STANDARD  DEVIATION  0.2 
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TABLE  J17 


CONPANY 


MCAXR 


IKffiTHBOP 


CX)MPANY 


MCAIR 


NORTHROP 


BBARING  RBSULTS  FOR  ALCOA 
2091-T8  SHBBT  (0.063"  X  48"  X  48") 


ORIENTATION  e/D 

BBARING 
ULT.  STR. 
(KSI) 

BBARING 
YIELD  STR. 
(KSI) 

tamo  1.5 

96.1 

98.9 

83.5 

99.2 

83.9 

LONG  l.S 

101.6 

71.1 

100.7 

69.7 

101.7 

72.2 

AVERAGE 

99.7 

76.1 

STANDARD  DEVIATION 

2.1 

7.0 

TABLE  J18 

BBARING  RBSULTS  FOR  ALCOA 
2091-T8  SHBBT  (0.063"  X  48"  X  48") 


ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(KSI) 

BBARING 
YIELD  STR. 
(KSI) 

L  TRANS 

1.5 

98.2 

85.7 

97.4 

84.0 

97.5 

85.1 

L  TRANS 

1.5 

104.4 

76.9 

103.7 

73.9 

104.0 

75.4 

AVERAGE 

100.9 

80.2 

STANDARD 

DEVIATION 

3.5 

5.3 
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TABLB  J19 


BSARING  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063-  X  48"  X  48") 


COMPANY 

ORIENTATION  a/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

MCAIR 

Lcmc  2.0 

128.6 

107.0 

130.3 

108.4 

127.1 

107.0 

NORTHROP 

LONG  2.0 

127.3 

72.8 

129.9 

76.0 

130.2 

74.7 

AVERAGE 

128.9 

91.0 

STANDARD  DEVIATION 

1.5 

18.1 

TABLE  J20 

BEARING  RESULTS  FOR  ALCOA 
2091-T8  SHEET  (0.063”  X  48"  X  48”) 


COMPANY 

ORIENTATION  e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

MCAIR 

L  TRANS  2.0 

131.2 

110.7 

130.6 

109.5 

128.3 

107.0 

NORTHROP 

L  TRANS  2.0 

130.4 

85.2 

129.7 

85.0 

129.0 

88.2 

AVERAGE 

129.9 

97.6 

STANDARD  DEVIATION 

1.1 

12.7 
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TABLE  J21 


R-CURVE  FRACTURE  TOUGHNESS 
RESULTS  FOR  2091 -T8X  SHEET 
(0.063“  X  48“  X  48“) 


Northrop 

Specimen 

Orientation 

Kc 

ID 

VIRLI 

L-T 

130.0 

28 


TABLE J22 

R-CURVE  FRACTURE  TOUGHNESS  RESULTS 
For  20S1-T8  Sheet  (0.063“  x  48'  x  48') 
MCDONNELL  AIRCRAFT  CO 


SPECIMEN  lOEVTIPICATION 
MATERlAt.  DESCRIPTION: 
SPECIMEN  TYPE: 

SPECIMEN  ORIENTATION: 
YIELD  STRENGTH: 

SPECIMEN  THICKNESS: 
SPECIMEN  WIDTH: 


LTl 

2091  AL-LI  SHEET 

C(T)  (COMPACT  SPECIMEN) 

L-T 

49.5  RSI 
O.OSa  IN 
3.999  IN 


SPECIMEN  IS  INVALID  PER  ASTM  ES61-86.  PARA.  7.5 


i  APPLIED 

1  LOAD 

1  (lbs) 

PHYSICAL 

CRACK 

LENGTH 

(In) 

Kr 

(UNCORRECTED) 

(psl  /in) 

EFFECTIVE 

CRACK 

LENGTH 

(in) 

Kr  I 

(CORRECTED)! 

(psl  /in)  1 

1  600 

42  884 

1.629 

47.141  1 

HKsa 

52.765 

1.753 

62.495 

55.716 

1.810 

68 , 349 

60,171 

1.935 

60,342 

1,150 

63 . 194 

*** 

1 . 175 

64.829 

*** 

1,200 

1.534 

66,420 

*** 

**« 

1,225 

1.545 

68.270 

t** 

*** 

1,250 

1.555 

70,121 

**« 

ttt 

1.275 

FAILURE 

1 

**•  Indicates  that  the  equation  for  Kr  (Corrected)  did  not 


converge  to  a  solution. 
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TABLE  J23 

R-CURVE  FRACTURE  TOUGHNESS  RESULTS 
For  2091 -T8  Sheet  (0.063*  x  48*  x  48") 
MCDONNELL  AIRCRAFT  CO 


SPECIMEN  IDENTIFICATION 
MATERIAL  DESCRIPTION: 
SPECIMEN  TYPE: 

SPECIMEN  ORIENTATION: 
YIELD  STRENGTH: 

SPECIMEN  THICKNESS: 
SPECIMEN  WIDTH: 


LT2 

2091  AL-LI  SHEET 

C(T)  (COMPACT  SPECIMEN) 

L-T 

49.5  KSI 
0.064  IN 
4.002  IN 


SPECIMEN  IS  INVALID  PER  ASTM  E561-86.  PARA.  7.5 


APPLIED 

LOAD 

(lbs) 

PHYSICAL 

CRACK 

LENGTH 

(in) 

Kr 

(UNCORRECTED) 

(psi  /in) 

EFFECTIVE 

CRACK 

LENGTH 

(in) 

Kr 

(CORRECTED) 

(psi  /in) 

1.501 

51,927 

1.743 

60 , 983 

1.515 

53,727 

1.783 

64,343 

1.523 

56,711 

1.847 

70,665 

1.526 

60,073 

1.943 

80.115 

1.530 

62,951 

*** 

*** 

1.534 

c4 , 769 

*** 

*** 

1.540 

66,640 

«*• 

1.543 

67 , 574 

*** 

*•* 

1,270 

1.549 

69,785 

*•* 

1,285 

1.570 

71,568 

*** 

**• 

1,305 

1.576 

72,983 

*•* 

1,315 

1 . 585 

73,989 

*•« 

t** 

1,325 

1.592 

74,876 

*** 

*•* 

1,335 

1.598 

75,731 

««* 

**• 

1,340 

1.605 

76 , 397 

**• 

*** 

1,345 

FAILURE 

•  • 

•  •  • 

•  -  • 

Indicates  that  the  equation  for  Kr  (Corrected)  did  not 


converge  to  a  solution. 
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TABLE  J24 


R-CURVE  FRACTURE  TOUGHNESS  RESULTS 
For  20S1-T8  Sheet  (0.063*  x  48*  x  48*) 
MCDONNELL  AIRCRAFT  CO 


SPBCINEM  ZDEHTIFICATION: 
MATERIAL  DESCRIPTION: 
SPECIMEN  TYPE: 

SPECIMEN  ORIENTATION: 
YIELD  STRENGTH: 

SPECIMEN  THICKNESS: 
SPECIMEN  WIDTH: 


TLI 

2091  AL>LI  SHEET 

C(T)  (COMPACT  SPECIMEN) 

T-L 

42.3  KSI 
0.064  IN 
3.998  IN 


SPECIMEN  IS  INVALID  PER  ASTM  E561-86.  PARA.  7.5 


APPLIED 

LOAD 

(lbs) 

PHYSICAL 

CRACK 

LENGTH 

(in) 

Kr 

(UNCORRECTED) 

(psl  /in) 

EFFECTIVE 

CRACK 

LENGTH 

(in) 

Kr 

(CORRECTED) 

(psl  /In) 

800 

1.495 

42,504 

1.708 

48,955 

1 

1.499 

43,946 

1.734 

51 , 378 

0  1.025 

1.503 

54.749 

*** 

1.050 

1.509 

56,296 

*** 

*** 

1.085 

1.513 

58 , 335 

*** 

*** 

1.095 

1.518 

59,045 

1.135 

1.524 

61,462 

*** 

*«• 

1.165 

1.535 

63,532 

•  ** 

1,175 

1.544 

64 . 468 

•  ** 

1,190 

1.544 

65,291 

**« 

*** 

1.215 

1.549 

66,881 

*** 

t*t  1 

1.230 

1.557 

68,045 

«** 

**•  1 

1,240 

1.562 

68,819 

t** 

***  1 

1.250 

1.583 

70 , 357 

t** 

*** 

1,270 

1.587 

71,638 

*•* 

•  ** 

1,280 

1.594 

72,565 

**• 

1,290 

1.612 

73 , 989 

*** 

1,295 

1.616 

74,493 

«  •  • 

*** 

1,305 

failure 

•  •  • 

•  “ 

***  Indicates  that  the  equation  for  Kr  (Corrected)  did  not 
converge  to  a  solution. 
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TABLE  J25 


R-CURVE  FRACTURE  TOUGHNESS  RESULTS 
For  2091 -T8  Sheet  (0.063*  x  48*  x  48*) 
MCDONNELL  AIRCRAFT  CO 


SPECINEI  IDENTIFICATION:  TLZ 

MATERIAL  DESCRIPTION:  2091  AL-LI  SHEET 

SPECIMEN  TYPE:  C(T)  (COMPACT  SPECIMEN) 

SPECIMEN  ORIENTATION:  T-L 

YIELD  STRENGTH:  42.3  KSI 

SPECIMEN  THICKNESS:  0.061  IN 

SPECIMEN  WIDTH:  3.999  IN 

SPECIMEN  IS  INVALID  PER  ASTM  E561<86.  PARA.  7.5 


APPLIED 

PHYSICAL 

Kr 

EFFECTIVE 

Kr 

LOAD 

CRACK 

LENGTH 

(UNCORRECTED) 

CRACK 

LENGTH 

(CORRECTED) 

(lbs) 

(In) 

(psl  /in) 

(in) 

(psl  /In) 

950 

1.507 

975 

1.511 

1.075 

1.517 

1,120 

1.522 

1,130 

1.526 

1,180 

1.531 

1,240 

1.541 

1,255 

1.544 

1,265 

1.550 

1,280 

1.569 

1,285 

1.576 

1,295 

FAILURE 

53,350 
54 . 882 
60.775 
63,517 
64.248 
67,305 
71.181 
72,179 
73,059 
74,867 
75,466 


*•*  Indicates  that  the  equation  for  Kr  (Corrected)  did  not 


converge  to  a  solution. 
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da/dN  (IN/cycle) 


AK  (MPaVm) 


AK  (ksiVin) 


FIGURE  J1 0.  FATIGUE  CRACK  GROWTH  RATE  DATA  for 
2091-T8X  O-Oe**  Inch  Sheet  Relative 
to2024-T351  \  .Orientation). 

Northrop. 
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da/dN  (mm/cycle) 


TABLE  J26 

FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED 
WITH  FIGURE  J9 


CRACK  CRQUTH  TEST  OF  ALCOA  2091  .063*  SHT  SPEC  VlFLl 
n(T>  SPECIMEN  TYPE  L-T  ORIENTATION 

TEMP  «  R.T.  REL  HUH  •  95  X  22-AUG-89 

U  *  2.999  IN  B  >  .0612  IN  R  «  .1 

FREBUENCY  -  10  HZ  H.A.  ENVIRONMENT 


GRID 

SPACING  - 

.05  IN 

FILE  CODE! 

RKltC001S2.DDN 

YIELD 

STRESS  > 

53  KSI 

FITO  COOEt 

RK1.’C00152.0F0 

SPECIMEN  VlFLl 

MIT) 

SPECIMEN 

TYPE 

REF 

K-HAX  2A 

2A/U 

K-BAR 

DELTA 

DA/DN  VALID 

• 

IN 

K>BAR 

IN/CYC  PER 

ASTH 

1 

4.74 

.4671 

.1558 

4.85 

4.36 

2.26389E-07 

Y 

2 

4.95 

.5078 

.1693 

5.22 

4.7 

3.72283E-07 

Y 

3 

5.48 

.6106 

.2036 

5.6 

5.04 

4.90196E-07 

Y 

4 

5.72 

.6606 

.2203 

5.84 

5.25 

6.282B9E-07 

Y 

5 

5.95 

.7083 

.2362 

6.24 

5.61 

1.37500E-06 

Y 

6 

6.52 

.8266 

.2756 

6.86 

6.18 

2.44167E-06 

Y 

7 

7.21 

.9731 

.3245 

7.53 

6.78 

3.37500E-06 

Y 

B 

7.86 

1.1081 

.3695 

8.06 

7.26 

4.12500E-06 

Y 

9 

8.27 

1.1906 

.397 

8.4 

7.56 

5.05000E-06 

Y 

10 

8.53 

1.2411 

.4138 

8.78 

7.9 

4.85000E-06 

Y 

11 

9.04 

1.3381 

.4462 

9.22 

8.3 

6.69999E-06 

Y 

12 

9.4 

1.4051 

.4685 

9.55 

8.6 

6.68749E-06 

Y 

13 

9.71 

1.4586 

.4864 

9.87 

8.89 

7.187S2E-06 

Y 

14 

10.04 

1.5161 

.5055 

10.23 

9.2 

7.56250E-06 

Y 

15 

10.41 

1.5766 

.5257 

10.63 

9.56 

B.40624E-06 

Y 

16 

10.85 

1.6438 

.5481 

11.03 

9.92 

9.04167E-06 

Y 

17 

11.21 

1.6981 

.5662 

11.35 

10.22 

9.87500E-06 

Y 

18 

11.49 

1.7376 

.5794 

11.66 

10.49 

1.13750E-05 

Y 
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TABLE  J26  CONTINUED 


TABLE  J27 


FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED 
WITH  FIGURE  J9 


CRACK  GROWTH 

TEST  OF 

ALCOA 

2091  .OAO- 

SHT  SPEC  7:FL3 

n(T)  SPECIMEN 

TYPE 

L-T 

ORIENTATION 

Tt.lP  «  R.T. 

REL 

HUH  >  95 

Z  28-AUC-S9 

U  -  2.999  IN 

B  « 

.0A12  IN 

R  »  .1 

FRESUENCY  « 

10 

HZ 

H.A. 

ENVIRONMENT 

GRID  SPACING 

S 

.03 

IN 

FILE 

CODE!  RKltCOOlSA.rON 

YIELD  STRESS 

m 

AS  KSI 

FITO 

CODE!  RK1IC00154.DF0 

SPECIMEN 

1  V1FL3 

HIT) 

SPECIMEN 

TYPE 

REF 

K-HAX 

2A 

2A/U 

K-BAR 

DELTA 

DA/DN  VALID 

• 

IN 

K'BAR 

IN/CYC  PER 

ASTH 

1 

3.87 

.1891 

.0A31 

4.2 

3.78 

1.14A55E-07 

Y 

2 

4.51 

.2SSA 

.0852 

4.57 

4.11 

1.A5A25E-07 

Y 

3 

4. A3 

.2AB8 

.089A 

5.01 

4.51 

2.99837E-07 

Y 

4 

S.38 

•  3606 

.1202 

5.A7 

5.11 

5.09740E-07 

Y 

S 

S.9A 

.4391 

.14A4 

A.A7 

A 

1.71B75E-0A 

Y 

A 

7.34 

.A4S3 

.2152 

7.72 

A. 95 

4.05000E-0A 

Y 

7 

8.1 

.7AA8 

.2557 

8.25 

7.42 

4.A2500E-0A 

Y 

S 

8.39 

.8131 

.2711 

8.53 

7.A8 

4.75000E-0A 

Y 

9 

8.A8 

.8A0A 

.287 

8.85 

7.9A 

5.49999E-0A 

Y 

10 

9.02 

.91SA 

.3053 

9.19 

8.27 

5.A5000E-0A 

Y 

11 

9.37 

.9721 

.3241 

9.55 

8.59 

7.25000E-0A 

Y 

12 

9.73 

1.0301 

.3435 

9.9 

8.91 

A.71875E-0A 

Y 

13 

10. OA 

1.0838 

.3A14 

10.27 

9.24 

B.0A250E-0A 

Y 

14 

10.48 

1.1483 

.3829 

10. A9 

9.A2 

8.21875E-0A 

Y 

IS 

10.91 

1.2141 

.4048 

11.11 

10 

1.03333E-05 

Y 

lA 

11.32 

1.27A1 

.4255 

11.54 

10.38 

1.0AAA7E-05 

Y 

17 

11. 7A 

1.3401 

.44A8 

11.99 

10.79 

1.07500E-05 

Y 

18 

12.22 

1.404A 

.4AB4 

12.52 

11.27 

1.35000E-05 

Y 
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TABLE  J27  CONTINUED 


SPEC I HEN  V1FL3 

NIT) 

SPEC 1 HEN 

TYPE 

REF 

K-HAX 

2A 

2A/U 

K-BAR 

DELTA 

OA/DN 

VALID 

• 

IN 

K-BAR 

IN/CYC 

PER  ASTH 

19 

12. S2 

1.4856 

.4954 

13.05 

11.74 

1.46250E-05 

Y 

20 

13.28 

1.5441 

.5149 

13.47 

12.12 

1.7321SE-0S 

Y 

21 

13.67 

1.5926 

.531 

13.86 

12.48 

2.13637E-05 

Y 

22 

14.06 

1.6396 

.5467 

14.25 

12.83 

2.44444E-0S 

Y 

23 

14.45 

1.6836 

.5614 

14.63 

13.17 

2.76667E-05 

Y 

24 

14.82 

1.7251 

.5752 

14.99 

13.49 

2.72727E-05 

Y 

25 

15.16 

1.7611 

.5872 

15.37 

13.83 

3.29545E-05 

Y 

26 

15.58 

1.8046 

.6017 

15.89 

14.3 

3.45930E-05 

Y 

27 

16.2 

1.8641 

.6216 

16.51 

14.86 

3.62500E-05 

Y 

26 

16,83 

1.9221 

.6409 

17.17 

15.45 

4.79167E-05 

Y 

29 

17.51 

1.9796 

.6601 

17.86 

16.08 

6.33334E-05 

Y 

30 

18.23 

2.0366 

.6791 

18.56 

16.71 

7.98387E-05 

Y 

31 

18.9 

2.0861 

.6956 

19.29 

17.36 

1.08000E-04 

Y 

32 

19.69 

2.1401 

.7136 

20.39 

18.35 

2.47143E-04 

Y 

33 

21.11 

2.2266 

.7424 
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TABLE J28 


FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED 
WITH  FIGURE  J10 


CRACK  CROUTH  TEST  OF  ALCOA  2091  .OiG*  SHT  SPEC  VlFTl 


n(T)  SPECIMEN  TYPE  T>L  ORIENTATION 


TEMP 

*  R.T. 

REL  HUM  s 

95  Z 

2-AUG-B9 

U  > 

2.999  IN 

B 

>  .061 

IN 

R  »  .1 

FREQUENCY  -  10 

HZ 

H.A.  ENVIRONMENT 

GRID 

SPACING  > 

.05  IN 

FILE  CODE: 

RKltC00149.DDN 

YIELD 

STRESS  « 

47.7  KSl 

FITO  CODE: 

RKl:C00149.DF0 

SPECIMEN  VlFTl 

H(T) 

SPECIMEN 

TYPE 

REF 

K-MAX  2A 

2A/U 

K-BAR 

DELTA 

OA/DN  VALID 

• 

IN 

K-BAR 

IN/CYC  PER 

ASTM 

1 

6.17 

.8944 

.2982 

6.19 

5.57 

7.20342E-08 

Y 

2 

6.21 

.903 

.3011 

6.3 

5.67 

3.03622E-07 

Y 

3 

6.39 

.9457 

.3153 

6.7 

6.03 

9.37501E-07 

Y 

4 

7.01 

1.0875 

.3626 

7.39 

6.65 

1.94886E-06 

Y 

5 

7.78 

1.2589 

.4198 

8.01 

7.21 

2.42500E-06 

Y 

6 

8.25 

1.3559 

.4521 

8.4 

7.56 

3.18750E-06 

Y 

7 

8.56 

1.4197 

.4734 

8.9 

8.01 

3.32908E-06 

Y 

8 

9.25 

1.5502 

.5169 

9.39 

8.45 

3.78907E-06 

Y 

9 

9.53 

1.5987 

.5331 

9.65 

8.69 

3.93519E-06 

Y 

10 

9.78 

1.6412 

.5472 

10.01 

9.01 

4.76852E-06 

Y 

11 

10.25 

1.7185 

.573 

.  10.4 

9.36 

6.58086E-06 

Y 

12 

10.54 

1.7632 

.5879 

10.66 

9.59 

5.73277E-06 

Y 

13 

10.77 

1.7964 

.599 

11.01 

9.91 

6.93877E-06 

Y 

14 

11.25 

1.8644 

.6217 

11.59 

10.44 

8.15909E-06 

Y 

15 

11.95 

1.9542 

.6516 

12.52 

11.26 

6.33494E-06 

Y 

16 

13.11 

2.0847 

.6951 

15.77 

14.19 

1.27121E-05 

Y 

17 

19.27 

2.5042 

.835 

19.75 

17.78 

4.02498E-05 

Y 

18 

20.25 

2.5444 

.8484 

20.95 

18.85 

5.07503E-05 

Y 

19 

21.68 

2.5952 

.8654 

22.28 

20.05 

6.24998E-05 

Y 

20 

22.91 

2.6327 

.8779 

24.75 

22.28 

3.05000E-04 

Y 

21 

26.87 

2.7242 

.9084 

39 


TABLE  J29 

FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED 
with  FIGURE  JIO 


CRACK  GROWTH  TEST  OF  ALCOA  2091  .063"  SHT  SPEC  V1FT3 
H(T)  SPECIMEN  TYPE  T-L  ORIENTATION 


TEMP 

-  R.T. 

REL  HUM  •> 

95  X 

07-SEP-g9 

U  - 

2.999  IN 

B  >  .0612  IN 

R  >  .1 

PREGUENCY  ■  10 

HZ 

HUMID  AIR 

ENVIRONMENT 

GRID 

SPACING  « 

.05  IN 

FILE  CODE! 

RKl:C001S6.00N 

YIELD 

1  stress  • 

65  KSI 

FI TO  CODEi 

RKltC00156.0F0 

SPECIMEN  V1FT3 

N(T)  SPECIMEN 

TYPE 

REP 

K-HAX  2A 

2A/N 

K-BAR 

DELTA 

DA/DN  VALID 

• 

IN 

K-BAR 

IN/CYC  PER 

ASTM 

1 

3.65 

.2825 

.0942 

3.69 

3.32 

5.49999E-08 

Y 

2 

3.72 

.2935 

.0979 

3.8 

3.42 

1.187S0E-07 

Y 

3 

3.87 

.3172 

.1058 

3.98 

3.59 

1.78750E-07 

Y 

4 

4.09 

.353 

.1177 

4.22 

3.8 

2.15000E-07 

Y 

S 

4.34 

.396 

.132 

4.46 

4.04 

1.99000E-07 

Y 

6 

4.62 

.4457 

.1486 

4.75 

4.28 

2.38750E-07 

Y 

7 

4.88 

.4935 

.1646 

5.01 

4.51 

2.57500E-07 

Y 

a 

3.13 

.545 

.1817 

5.29 

4.76 

3.46873E-07 

Y 

9 

5.43 

.6005 

.2002 

5.53 

4.98 

3.20313E-07 

Y 

10 

5.63 

.6415 

.2139 

5.72 

5.14 

3.16964E-07 

Y 

11 

5.8 

.677 

.2257 

5.69 

5.3 

3.83333E-07 

Y 

12 

5.97 

.7115 

.2372 

6.08 

5.47 

4.65000E-07 

Y 

13 

6.19 

.758 

.2528 

6.35 

5.71 

6.69999E-07 

Y 

14 

6.51 

.825 

.2751 

6.64 

5.97 

9.08335E-07 

Y 

IS 

6.77 

.8795 

.2933 

7.06 

6.35 

2.92857E-06 

Y 

16 

7.35 

1.0025 

.3343 

7.51 

6.76 

3.2S000E-06 

Y 

17 

7.66 

1.0675 

.356 

7.77 

7 

3.23943E-06 

Y 

18 

7.89 

1.1135 

.3713 

8 

7.2 

4.00862E-06 

Y 

19 

8.12 

1.16 

.3868 

8.22 

7.4 

4.S2128E-06 

Y 

20 

8.33 

1.2025 

.401 

8.45 

7.61 

4.08335E-06 

Y 

21 

8.58 

1.2515 

.4173 

8.7 

7.83 

3.87499E-06 

Y 

22 

8.82 

1.298 

.4328 

8.92 

8.03 

3.80001E-06 

Y 
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TABLE  J29  CONTINUED 


8PEC1HEN  V1FT3 

HIT) 

SPECIMEN 

TVPE 

REF 

K-HAX 

2A 

2A/U 

K-BAR 

DELTA 

DA/DN 

VALID 

• 

IN 

K-BAR 

IN/CYC  1 

PER  A8TH 

23 

9.02 

1.334 

.4455 

9.14 

8.25 

3.93940E>04 

Y 

24 

9.31 

1.388 

.4426 

9.47 

8.53 

4.19790E-04 

Y 

25 

9.44 

1.4475 

.4827 

9.75 

8.78 

5.50001E-04 

Y 

24 

9.84 

1.484 

.4955 

9.99 

8.99 

5.37500E-04 

Y 

27 

10.12 

1.529 

.5098 

10.27 

9.25 

5.55335E-04 

V 

2S 

10.43 

1.579 

.5245 

10.57 

9.51 

4.18055E-04 

Y 

29 

10.71 

1.4235 

.5413 

10.9 

9.81 

5.74999E-04 

Y 

30 

11.09 

1.481 

.5405 

11.26 

10.15 

4.42501E-04 

Y 

31 

11.44 

1.734 

.5782 

11.44 

10.5 

4.S1250E-04 

Y 

32 

11.67 

1.7685 

.5944 

12.08 

10.87 

9.33333E-04 

Y 

33 

12.3 

1.8445 

.415 

12.51 

11.24 

7.21429E-04 

Y 

34 

12.72 

1.895 

.4319 

12.95 

11.45 

B.99998E-04 

Y 

35 

13.19 

1.949 

.4499 

13.44 

12.09 

9.08333E-04 

¥ 

34 

13.7 

2.0035 

.4481 

14.04 

12.43 

1.14167E-05 

Y 

37 

14.39 

2.072 

.4909 

14.42 

13.14 

1.04250E-05 

Y 

38 

14.85 

2.1145 

.7051 

15.21 

13.49 

1.53750E-05 

Y 

39 

15.58 

2.174 

.7254 

14 

14.4 

1.61250E-05 

Y 

40 

14.43 

2.2405 

.7471 

17.05 

15.35 

2.22349E’-05 

Y 

41 

17.71 

2.325 

.7753 

18.41 

14.57 

3.11539E-05 

Y 

42 

19.14 

2.404 

.8023 

19.84 

17.84 

3.B8235E-05 

Y 

43 

20.57 

2.472 

.8243 

21.32 

19.19 

4.14998E-05 

Y 

44 

22.12 

2.5335 

.8448 

23.09 

20.78 

1.09147E-04 

Y 

45 

24.14 

2.599 

.8444 

24.86 

22.39 

1.34444E-04 

Y 

44 

25.44 

2.44 

.8803 
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da/dN  (in/cycle) 


O  Ln 

A  LT2 


42 


2.286 
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AK  (KSIVIn) 


Figure  J12  Fatigue  Crack  Growth  Rate  Data  for 

2091-T8  0.063  Inch  Sheet  (T-L  Orientation, 
Lab  Air,  75°F,  and  TLI  R=0.02  and  TL2  R=0.10) 
McDonnell  Aircraft  Company 
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••  OENOreS  THAT  DATA  POINT  IS  INVALID  PER  ASTM  TEST  METHOD  £647-88,  PARAGRAPH  8.8.3 

**-  DENOTES  THAT  DATA  POINT  IS  INVALID  PER  ASTM  TEST  METHOD  E647-88,  PARAGRAPH  7.2.1 

***-  DENOTES  THAT  DATA  POINT  IS  INVALID  PER  ASTM  TEST  METHOD  E647-88.  PARAGRAPHS  8.6.3  AND  7.2  1 
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APPENDIX  K 


2091 -T3  and  2091 -T8 
0.144  Inch  Sheet 
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TABLE  K1 


TENSILE  RESULTS  FOR  ALCX)A 
2091-T3  SHEET  (0.144-  X  48-  X  48”) 


CXtMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

(*) 

MCD(»INELL 

RT 

LONG 

59.4 

49.0 

20.0 

DOUGLAS 

60.1 

49.2 

20.0 

ASTRO.,  CA 

59.9 

49.5 

20.0 

59.9 

49.6 

20.0 

58.9 

49.5 

22.0 

MARTIN 

MARIETTA,  LA 

RT 

LONG 

60.6 

50.0 

17.0 

12.7 

59.9 

49.6 

17.0 

15.5 

59.9 

49.6 

17.0 

19.7 

AIR  FORCE 

RT 

LONG 

61.4 

51.1 

14.3 

14.7 

61.4 

50.9 

17.9 

20.5 

61.4 

51.3 

17.2 

19.7 

AVERAGE 

60.3 

49.9 

18.4 

17.1 

STANDARD 

DEVIATION  0.8 

0.8 

2.2 

3.2 

TABLE  K2 

TENSILE 

:  RESULTS 

FOR  ALCOA 

2091-T3  SHEET  (0.144"  X  48"  X 

48") 

COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(») 

RA 

(*) 

AIR  FORCE 

RT 

30 

62.4 

45.0 

20.0 

25.6 

62.1 

44.0 

19.1 

25.4 

62.2 

43.2 

18.9 

25.5 

AVERAGE 

62.2 

44.1 

19.3 

25.5 

STANDARD 

DEVIATION  0.2 

0.9 

0.6 

0.1 

E 

(MSI) 


11.4 
11.6 

11.5 
11.5 
11.5 


11.4 

11.1 

11.4 


11.4 

0.1 


E 

(MSI) 
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TABLE  K3 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

CmiENT- 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

(») 

AIR  FORCE 

RT 

45 

61.4 

42.0 

23.3 

28.3 

61.6 

42.7 

24.4 

28.2 

61.5 

42.7 

23.9 

29.3 

AVERAGE 

61.5 

42.5 

23.9 

28.6 

STANDARD 

DEVIATION  0.1 

0.4 

0.6 

0.6 

E 

(MSI) 


TABLE  K4 

TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

(*) 

AIR  FORCE 

RT 

60 

61.2 

40.9 

24.0 

29.0 

61.0 

43.3 

21.5 

27.8 

60.3 

41.5 

22.8 

31.1 

AVERAGE 

60.8 

41.9 

22.8 

29.3 

STANDARD 

DEVIATION  0.5 

1.2 

1.3 

1.7 

E 

(MSI) 
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TABLE  K5 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144-  X  48-  X  48-) 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(ESI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

(%) 

MCD<»NBLL 

RT 

L  TRANS 

64.3 

DOUGLAS 

65.3 

46.6 

14.0 

ASTRO.,  CA 

65.2 

46.6 

14.0 

64.3 

46.4 

12.5 

64.6 

46.7 

12.5 

MARTIN 

RT 

L  TRANS 

64.7 

46.2 

12.0 

12.7 

MARIETTA,  LA 

65.1 

45.8 

13.0 

11.3 

64.7 

45.6 

13.0 

11.3 

AIR  FORCE 

RT 

L  TRANS 

66.0 

47.3 

16.4 

16.2 

66.4 

47.4 

17.5 

17.3 

66.0 

47.5 

15.7 

18.8 

AVERAGE 

65.1 

46.6 

14.1 

14.6 

STANDARD  DEVIATION  0.7 


0.6  1.9  3.3 


TABLE  K6 

TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144-  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

MCDONNELL 

-320  F 

LONG 

75.3 

57.6 

16.0 

DOUGLAS 

76.2 

58.1 

16.5 

ASTRO.,  CA 

75.1 

57.4 

17.0 

75.0 

58.0 

17.0 

AVERAGE 

75.4 

57.8 

16.6 

STANDARD 

DEVIATION  0.5 

0.3 

0.5 

E 

(MSI) 


12.0 

11.6 

11.6 

11.5 

11.6 

11.1 

11.4 

11.3 


11.5 

0.3 


E 

(MSI) 


12.4 

12.5 
12.5 
12.5 


12.5 

0.1 
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TABLB  K7 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 


OQMPANT 

TEST 

TEMP 

(DEGREES  P) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

{*) 

RA 

(*) 

E 

(MSI) 

MCDONNELL 

-320  P 

L  TRANS 

81.6 

53.9 

16.5 

12.7 

DOUGLAS 

82.2 

54.2 

14.5 

12.7 

ASTRO.,  CA 

81.5 

55.1 

14.5 

12.7 

80.6 

55.1 

13.0 

12.5 

AVERAGE 

81.5 

54.6 

14.6 

12.7 

STANDARD 

DEVIATION  0.7 

0.6 

1.4 

0.1 
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TABLE  K8 


TABLB  KIO 


C»MPRBSSIOII  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144*  X  48*  X  48") 


OQMPAIIY 

TEST 

TEMPERATURE 
(DEGREES  P) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRESSIVE 

MODULUS 

(KSI) 

MCDOmiELL 

-320  P 

LONG 

46.8 

12.7 

DOUGLAS 

12.  S 

ASTRO.,  CA 

46.4 

12.4 

AVERAGE 

46.6 

12.5 

STANDARD  DEVIATION 

0.3 

0.2 

TABLE  Kll 

COMPRESSION  RESULTS  POR 

ALCOA 

2091-T3 

SHEET  (0.144*  X  48 

-  X  48*) 

COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI) 

(KSI) 

MCDONNELL 

-320  P 

L  TRANS 

56.8 

12.8 

DOUGLAS 

55.1 

12.8 

ASTRO.,  CA 

58.8 

12.5 

AVERAGE 

56.9 

12.7 

STANDARD  DEVIATION 

1.9 

0.2 

TABUS  K12 


BEARING  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144”  X  48”  X  48") 

OONPANT  ORIENTATION  e/0  BEARING  BEARING 

ULT.  STR.  YIELD  STR. 


(KSl) 

(KSI) 

MCDONRELL 

LONG 

1.5 

95.6 

DOUGLAS 

95.9 

75.3 

ASTRO.,  CA 

95.3 

75.8 

95.2 

74.3 

95.1 

72.9 

AVERAGE  95.4  74.6 

STANDARD  DEVIATION  0.3  1.3 


TABLE  K13 


BEARING  RESULTS  FOR  ALCOA 


COMPANY 

2091-T3  SHEET  (0.144” 

ORIENTATION  e/D 

X  48”  X  48”) 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

MCD<»fNELL 

L  TRANS  1.5 

98.1 

75.3 

DOUGLAS 

98.2 

74.2 

ASTRO.,  CA 

98.5 

78.6 

96.5 

74.6 

98.1 

AVERAGE  97.9  75.7 

STANDARD  DEVIATION  0.8  2.0 
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TABLE  K14 

BEARING  RESULTS  FOR  ALCOA 
209I-T3  SHEET  (0.144-  X  48"  X  48") 


CXMPANY 

ORIENTATION  e/D 

BEARING 
ULT.  STR. 
(ESI) 

BEARING 
YIELD  STR. 
(KSI) 

MCDONNELL 

LONG  2.0 

119.0 

86.2 

DOUGLAS 

119.0 

ASTRO.,  CA 

120.0 

86.6 

120.0 

120.0 

85.3 

AVERAGE 

119.6 

86.0 

STANDARD  DEVIATION 

0.5 

0.7 

TABLE  K15 

BEARING  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

ORIENTATION  e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

MCDONNELL 

L  TRANS  2.0 

122.0 

89.2 

DOUGLAS 

122.0 

90.7 

ASTRO.,  CA 

122.0 

123.0 

88.7 

121.0 

87.9 

AVERAGE 

122.0 

89.1 

STANDARD  DEVIATION 

0.7 

1.2 

CRACK  LENGTH,  inches 


Figure  K2,  R-Curve  Results  for  2091-T3  0,144 
Inch  Sheet  (T-L  Orientation) . 
Martin-  Marietta. 
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2.5  3.0  3.5  4.0  4.5  5.0  5.5  6.0 

EFFECTIVE  CRACK  LENGTH,  Ae  (AesAo+Ap+rho)  in  inches 


Figure  K3.  R-Curve  Results  for  2091 -T3 

0. 1 44  Inch  Sheet  with  Effective  Crack  Length 
Adjusted  for  Plastic  Zone  (L-T  Orientation) 
Martin  Marietta. 
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Figure  K4.  R-Curve  Results  for  2091-T3 

0.144  Inch  Sheet  with  Effective  Crack  Length 
Adjusted  for  Plastic  Zone  (T-L  Orientation) 
Martin  Marietta. 
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TABLE  K1 6 

R-CURVE  DATA  ASSOCIATED  WITH 
FIGURES  K1  AND  K3  (SPECIMEN  3) 


TABLE  K18 

R-CURVE  DATA  ASSOCIATED  WITH 
FIGURES  K2  AND  K4  (SPECIMEN  1 ) 


Load,  kips 


Half  Crack 

Half 

Crack  Length. 

(c  *  rho) 

Corresponding  Fracture 

Toughness,  ksi  Vinch 

Length 

Not  adjusted 

Adjusted  for 

(c)  inch 

inch 

Plasticity 

Thickness 

Yield 

Specimen  Width 


.144  inch 
45.9  ksi 
18.03  inch 


u-^Cduia>oooo(o(oooooa>(no>ooD^c«>a>o>(o.^o>o>ODOo 


TABLE  K19 

R-CURVE  DATA  ASSOCIATED  WITH 
FIGURES  K2  AND  K4  (SPECIMEN  2) 


Load,  kips 


Half  Crack 
Length 
(c)  inch 

Half 

Crack  Length, 

(c  +  rho) 
inch 

2.886 

2.880 

2.918 

2.950 

3.036 

2.950 

3.122 

2.975 

3.231 

2.990 

3.331 

3.020 

3.477 

3.025 

3.530 

3.050 

3.687 

3.075 

3.837 

3.080 

3.901 

3.115 

4.025 

3.150 

4.214 

3.240 

4.499 

3.260 

4.627 

3.275 

4.766 

3.365 

5.054 

3.425 

3.425 

3.540 

3.605 

3.735 

3.865 

3.940 

3.955 

4.000 

Corresponding  Fracture 
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FIGURE  K5.  R-CURVE  RESULTS  FOR  2091-T3  0.144  INCH 
SHEET  (L-T  ORIENTATION). 

AIR  FORCE. 
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The  followinq  value  is  the  10%  SECANT  value 

I  0.0318  1275  46.92  0.4426  46,10  1.1105  0.0670 
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The  followinq  value  Is  the  lOt  SECANT  valu* 

0.0339  1314  47.48  0.44S8  47.82  1.1161  0.0705 


0*001 


FIGURE  K7.  R-CURVE  RESULTS  for  2091-T3  0.144  Inch  Sheet 
(60®  Orientation,  Spedmen  1). 

Air  Force. 
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The  fcllowinq  vaJue  Is  the  ]0«  SECANT  value 

1  0.0330  1175  51.76  0.4684  45.67  1.1737  0.0672 
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R-CURVE  DATA  ASSOCIATED  WITH  FIGURE  K9 
(L-T  ORIENTATION.  -32lOF) 
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The  followinq  value  is  the  10%  SECANT  value 

0.0322  1412  46.24  0.4387  50.17  1.0970  0.0683 


Max  Stress  (KSI) 


1E+4  1E+5  1E+6  1E+7  1E+8 

Cycles  to  Failure,  Nf 


FIGURE  K1 0.  FATIGUE  RESULTS  FOR  2091 -T3 

0.144  INCH  SHEET  (R=1.0.Kt  =1.0). 
MCDONNELL  DOUGLAS  ASTRONAUTICS 
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TABLE  K25 


FATIGUE  RESULTS  WITH  R-0.1  AND  Kt=1.0  FOR 
ALCOA  2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

MCDONNELL  DOUGLAS 

LONG 

50.2 

65,600 

+ 

ASTRO. ,  CA 

45.2 

209,000 

+ 

42.0 

67,000 

40.0 

353,000 

+ 

38.1 

670,000 

+ 

35.9 

84,400 

@ 

35.7 

45,700 

# 

33.1 

120,000 

e 

-  30.9 

340,000 

29.1 

1,000,000 

* 

(*):  INDICATES  A  RUN-OUT  TEST 
(#):  INDICATES  FAILURE  AT  PIN  HOLE 
(@):  INDICATES  FAILURE  AT  RADIUS 
(+):  INDICATES  SPECIMENS  HERE  RECONFIGURED  AND 
HAD  SURFACE  COATING  REMOVED 


TABLE  K26 

FATIGUE  RESULTS  WITH  R-0.1  AND  Kt=1.0  FOR 
ALCOA  2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

MCDONNELL  DOUGLAS 

L  TRANS 

49.9 

42,300 

+ 

ASTRO.,  CA 

45.0 

87,700 

#+ 

45.0 

39,900 

39.8 

293,000 

+ 

'  35.0 

1,000,000 

*+ 

34.9 

385,000 

1 

33.0 

203,000 

1 

33.0 

621,000 

1 

30.9 

1,530,000 

(*);  INDICATES  A  RUN-OUT  TEST 
(#)!  INDICATES  FAILURE  AT  PIN  HOLE 

(  i ) :  INDICATES  THE  SPECIMENS  WERE  ONLY  RECONFIGURED 
(+):  INDICATES  SPECIMENS  WERE  RECONFIGURED  AND 
HAD  SURFACE  COATING  REMOVED 
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I  I  I  I  I  11 1 


I  I  I  I  M  I  I 
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1E+4 


1E+5  1E+6  1E+7 

Cycles  to  Failure,  Nf 


I  I  I  I  I  M 

1E+8 


FIGURE  K1 1 .  FATIGUE  RESULTS  FOR  2091-T3 
0.144  INCH  SHEET  (R=1.0.  Kt=3.0). 
MCDONNELL  DOUGLAS  ASTRONAUTICS 
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TABLE  K27 


FATIGUE  RESULTS  WITH  R^O.!  AND  Kt>3.0  FOR 
ALCX>A  2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

MCDONNELL  DOUGLAS 

LONG 

24.9 

16,100 

ASTRO.,  CA 

21.9 

32,200 

19.9 

109,000 

18.0 

112,000 

18.0 

71,250 

15.0 

294,000 

14.9 

1,000,000  * 

14.0 

1,000,000  * 

13.0 

1,000,000  * 

(*):  INDICATES  A  RUN-OUT  TEST 


TABLE  K28 

FATIGUE  RESULTS  WITH  R=0.1  AND  Kt=3.0  FOR 
ALCOA  2091-T3  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

MCDONNELL  DOUGLAS 

L  TRANS 

29.9 

10,800 

ASTRO.,  CA 

28.1 

11,200 

26.8 

23,700 

25.1 

34,900 

22.1 

58,700 

19.9 

87,400 

18.0 

135,000 

16.0 

247,000 

14.9 

1,000,000 
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FIGURE  K1 2.  FALSTAFF  SPECTRUM  FATIGUE  CRACK  LENGTH 
VS  FLIGHTS  DATA  FOR  2091 -T3  0.144 
INCH  SHEET,  AIR  FORCE. 


Kmax.  <KSI  fin  ) 


FIGURE  K13.  FALSTAFF  SPECTRUM  FATIGUE  CRACK 
GROWTH  RATE  VS  KMAX  DATA  FOR 
2091-T3  0.144  INCH  SHEET. 

AIR  FORCE. 


FIGURE  K14.  MINI-TWIST  SPECTRUM  FATIGUE  CRACK  LENGTH 
VS  FLIGHTS  DATA  FOR  2091 -T3  0.144 
INCH  SHEET(SPECIMEN  #2091 A912) 


Kmax,  CKSI  fin  ) 


FIGURE  K15.  MINI-TWIST  SPECTRUM  CRACK  GROWTH  RATE 
VS  KMAX  DATA  FOR  2091-T3 
0.144  INCH  SHEET 
(Specimen  #2091 A9 12). 

AIR  FORCE. 
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crack  growth  rate  (in/flight) 


CMPa  fm  ) 


JQ  JOO 


Kmax.  CKSI  -Tin  ) 


FIGURE  K17.  MINI-TWIST  SPECTRUM  CRACK  GROWTH 
RATE  VS  KMAX  DATA  FOR  2091-T3 
0.144  INCH  SHEET  (SPECIMEN  #2091T34M) 
AIR  FORCE. 
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(nm/ f 1 i qht) 


TABLE  X29 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144“  X  48“  X  48“ ) 
AGED  16  HOURS  AT  335  P 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

{%) 

RA 

(*) 

GENERAL 

DYNAMICS, 

TEXAS 

RT 

LONG 

67.3 

67.1 

56.1 

56.3 

14.2 

14.3 

AVERAGE 

67.2 

56.2 

14.3 

STANDARD 

DEVIATION 

0.1 

0.1 

0. 1 

TABLE  K30 

TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 
AGED  16  HOURS  AT  335  P 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(») 

RA 

(») 

GENERAL 

DYNAMICS, 

TEXAS 

RT 

45 

65.3 

65.6 

46.7 

47.4 

19.2 

19.8 

AVERAGE 

65.5 

47.1 

19.5 

STANDARD 

DEVIATION 

0.2 

0.5 

0.4 

E 

(MSI) 


E 

(MSI) 


91 


TABLE  K31 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 
AGED  16  HOURS  AT  335  P 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

(*) 

GENERAL 

DYNAMICS, 

TEXAS 

RT 

L  TRANS 

70.7 

70.9 

51.3 

52.8 

12.8 

11.1 

AVERAGE 

70.8 

52.1 

12.0 

STANDARD 

DEVIATION  0.1 

1.1 

1.2 

TABLE  K32 

TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 
AGED  32  HOURS  AT  335  F 


COMPANY  TEST  ORIENT-  ULTIMATE  YIELD  ELONG  RA 

TEMP  ATION  STRENGTH  STRENGTH  (%)  (%) 

(DEGREES  F)  (KSX)  (KSI) 


GENERAL 

DYNAMICS, 

TEXAS 


RT  LONG 


69.6  58.8 

69.9  59.4  15.3 


AVERAGE  69.8 


59.1  15.3 


STANDARD  DEVIATION  0.2  0.4 


E 

(MSI) 


E 

(MSI) 
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TABLE  K33 


TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144”  X  48”  X  48") 
AGED  32  HOURS  AT  335  F 


COMPANY 


GENERAL 

DYNAMICS, 

TEXAS 


TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*> 

RT 

45 

68.8 

51.9 

17.9 

68.1 

51.1 

18.5 

AVERAGE 

68.5 

51.5 

18.2 

STANDARD 

DEVIATION 

0.5 

0.6 

0.4 

RA 

(*) 


E 

(MSI) 


TABLE  K34 

TENSILE  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 
AGED  32  HOURS  AT  335  F 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%) 

RA 

(*) 

E 

(MSI) 

GENERAL 

DYNAMICS, 

TEXAS 

RT 

L  TRANS 

73.9 

74.5 

57.0 

54.5 

15.6 

14.3 

AVERAGE 

74.2 

55.8 

15.0 

STANDARD  DEVIATION  0.4  1.8  0.9 
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TABLE  K35 


COMPANY 

KAHN  TEAR  TEST  RESULTS  FOR  ALCOA 

2091-T3  SHEET  (0.144"  X  48"  X  48") 

AGED  16  HOURS  AT  335  F 

ORIENTATION 

TEAR 

STRENGTH 

(KSI) 

GENERAL  DYNAMICS, 

L-T 

81.4 

TEXAS 

78.8 

AVERAGE 

80.1 

STANDARD  DEVIATION 

1.9 

TABLE  K36 

KAHN  TEAR  TEST  RESULTS  FOR 

ALCOA 

2091-T3  SHEET  (0.144"  X  48" 

X  48") 

AGED  16  HOURS  AT  335  P 

COMPANY 

ORIENTATION 

TEAR 

STRENGTH 

(KSI) 

GENERAL  DYNAMICS, 

45-45 

74.6 

TEXAS 


AVERAGE  74.6 

STANDARD  DEVIATION 
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TABLE  K37 


KAHN  TEAR  TEST  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 
AGED  16  HOURS  AT  335  P 


C(»4PANY  ORIENTATION  TEAR 

STRENGTH 

(KSI) 


GENERAL  DYNAMICS, 

T-L 

78.2 

TEXAS 

77.3 

AVERAGE 

77.7 

STANDARD 

DEVIATION 

0.6 

TABLE  K38 

KAHN  TEAR  TEST  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 
AGED  32  HOURS  AT  335  F 


COMPANY  ORIENTATION  TEAR 

STRENGTH 

(KSI) 

GENERAL  DYNAMICS,  L-T  76.4 

TEXAS  74.6 

AVERAGE  75.5 

STANDARD  DEVIATION  1.3 
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TABLE  K39 


KAHN  TEAR  TEST  RESULTS  FOR  ALC»A 
2091-T3  SHEET  (0.144"  X  48"  X  48") 
AGED  32  HOURS  AT  335  F 


CX}MPANy  ORIENTATION  TEAR 

STRENGTH 

(KSI) 

GENERAL  DYNAMICS,  45-45  73.7 

TEXAS  74.1 

AVERAGE  73.9 

STANDARD  DEVIATION  0.2 


TABLE  K40 

KAHN  TEAR  TEST  RESULTS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 

AGED  32  HOURS  AT  335  F 

COMPANY  ORIENTATION  TEAR 

STRENGTH 

(KSI) 


GENERAL  DYNAMICS,  T-L  74.7 

TEXAS 

AVERAGE  74.7 

STANDARD  DEVIATION 
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TABLE  41 


COMPANY 


GENERAL 

TEXAS 


COMPANY 


GENERAL 

TEXAS 


TEAR-YIELD  STRENGTH  RATIOS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 

AGED  16  HOURS  AT  33S  F 

TENSILE-TEAR  TEAR- 

ORIENTATION  STRENGTH 

DYNAMICS,  L/L-T 

LT/T-L 

45/45-45 

L/T-L 


TABLE  42 

TEAR-YIELD  STRENGTH  RATIOS  FOR  ALCOA 
2091-T3  SHEET  (0.144"  X  48"  X  48") 

AGED  32  HOURS  AT  335  F 

TENSILE-TEAR  TEAR- 

ORIENTATION  STRENGTH 

DYNAMICS,  L/L-T 

LT/T-L 

4S/<5-45 

L/T-L 


YIELD 

RATIO 

1.42 

1.48 

1.58 

1.38 


-YIELD 

RATIO 

1.27 

1.34 

1.44 

1.26 
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I  I  I  I  I  I  I  I  I  I  I  I  I  I  t  } 

45  47  49  51  53  55  57  59 


□  I/tr-T 


XSI  mdd  Strength 
+  LT/T-L  ♦  45/45-45 


FIGURE  K18.  TEAR  STRENGTH  to  YIELD  STRENGTH  RATIO  VS  YIELD 
STRENGTH  DATA  for  2091'T3  Aged  16/32  Hours  at  335»F. 
General  Dynamics. 
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TABLE  K43 


TENSILE  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(») 

RA 

{») 

E 

(MSI) 

NORTHROP 

RT 

LONG 

63.4 

53.5 

15.6 

10.8 

63.2 

53.3 

16.7 

10.2 

63.7 

53.7 

14.7 

10.5 

63.2 

53.6 

12.6 

10.8 

AVERAGE 

63.4 

53.5 

14.9 

10.6 

STANDARD 

DEVIATION 

0.2 

0.2 

1.7 

0.3 

TABLE  K44 

TENSILE  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

(») 

E 

(MSI) 

NORTHROP 

RT 

45 

44.3 

10.4 

63.3 

44.1 

19.8 

10.5 

62.4 

43.5 

17.8 

11.8 

62.8 

44.9 

19.2 

11.9 

AVERAGE 

62.8 

44.2 

18.9 

11.2 

STANDARD 

DEVIATION 

0.5 

0.6 

1.0 

0.8 
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TABLE  K45 


CXSMPANY 


NORTHROP 


TENSILE  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

f) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

{*) 

RA 

(*) 

B 

(MSI) 

RT 

L  TRANS 

67.5 

48.7 

12.1 

10.6 

68.2 

49.2 

12.7 

11.2 

67.8 

48.8 

13.1 

11.3 

AVERAGE 

67.8 

48.9 

12.6 

11.0 

STANDARD 

I  DEVIATION 

0.4 

0.3 

0.5 

0.4 
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TABLE  K46 


COMPANY 


NORTHROP 


COMPANY 


NORTHROP 


COMPRESSION  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(KSI) 

RT 

LONG 

42.7 

12.0 

42.5 

11.5 

42.9 

11.7 

AVERAGE 

42.7 

11.7 

STANDARD 

DEVIATION 

0.3 

0.2 

TABLE  K47 

COMPRESSION  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(KSI) 

RT  L  TRANS 

51.5 

11.5 

51.4 

11.3 

51.3 

11.3 

AVERAGE 

51.4 

11.4 

STANDARD  DEVIATION 

0.1 

0.1 
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TABLE  K48 


SLOTTED  SHEAR  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

ORIENTATION 

SHEAR 

STRENGTH 

(KSI) 

NORTHROP 

LONG 

40.6 

40.5 

40.5 

AVERAGE 

40.5 

STANDARD  DEVIATION 

0.1 

TABLE  K49 

SLOTTED  SHEAR  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 

NORTHROP  L  TRANS  43.0 

43.0 

43.2 

AVERAGE  43.1 

STANDARD  DEVIATION  0.1 
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TABLE  KSO 


BEARING  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.144"  X  48"  X  48") 


COMPANY 

ORIENTATION 

e/D 

BEARING 

ULT.  STR. 
(KSI) 

BEARING 

YIELD  STR. 
(KSI) 

NORTHROP 

LONG 

1.5 

96.8 

76.3 

92.9 

73.6 

AVERAGE 

94.9 

75.0 

STANDARD 

DEVIATION 

2.8 

1.9 

TABLE  K51 

BEARING  RESULTS  FOR  ALCOA 
2091-T8X  SHEET  (0.063”  X  48"  X  48") 


COMPANY 

ORIENTATION  e/D 

BEARING 

ULT.  STR. 
(KSI) 

BEARING 

YIELD  STR. 
(KSI) 

NORTHROP 

L  TRANS  1.5 

100.8 

76.1 

99.3 

75.1 

97.0 

74.0 

AVERAGE 

99.0 

75.1 

STANDARD  DEVIATION 

1.9 

1.1 
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Hr  AH  iriv.i  HI.  r^-H  Ai..Ct)A 

Snt.'KT  V';'-  A  43"  A  43"  / 


COMPANY  OR  r  EUTATIOU  »^■'U  BRAKINC  BEARING 

ULT.  STR.  YIELD  STR . 
(K5n)  (KSI) 


NORTHROP 

L<')NG  2 . 0 

120.7 

122.4 

12  3.9 

89 . 8 

89 . 1 

91.8 

AVKPAGE 

122.  i 

90.2 

STANDAHU  UKVIATloN 

1 . 6 

1 . 4 

COMPANY 

TABLE  K53 

BEARING  RESULTS  FOR  ALCOA 

2091-T8X  SHEET  (0.144"  X  48"  X 

ORIENTATION  e/D 

ULT 

48"  ) 

BEARING 

.  STR. 
(KSI) 

BEARING 

YIELD  STR. 
(KSI) 

NORTHROP 

L  TRANS  2 . 0 

125.6 

91.9 

126.9 

91.0 

126.1 

94.6 

AVERAGE 

126.2 

92.5 

STANDARD  DEVIATION 

0.7 

1.9 
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TABLE  K54 


COMPANY 


NORTHROP 


R-CURVE  FRACTURE  TOUGIINESS  RESULTS  FOR 
ALCOA  2C91-T8X  SHEET  (0.144"  X  48"  X  48") 

SPECIMEN  I.O.  ORIENTATION 

(KSI 

T6RL1  L-T 


KC 

SQRT-IN) 


135.0 
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da/dN  (IN/cycle) 


AK  (MPaVm) 

-3  10  100 


! 


FIGURE  K19.  FATIGUE  CRACK  GROWTH  RATES  FOR 
2091-T8X  0.144  INCH  SHEET  RELATIVE 
TO2024-T351  (L-T  ORIENTATION). 
NORTHROP. 
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da/dN  (mm/cycle) 


TABLE  K55 

FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED 
WITH  FIGURE  K19  (SPECIMEN  T6  FL-1) 


CRACK  CROUTH  TEST  OF  ALCOA  2091  SPEC  T6FL-1 

H<T)  SPECIMEN  TYPE  L-T  ORIENTATION 

TEMP  >  ao  REL  HUM  «  95  X  11 -HAY-89 

U  «  2.9998  IN  8  «  .142  IN  R  >  .1 

FREOUENCY  «  10  HZ  HUMID  AIR  ENVIRONMENT 

GRID  SPACING  -  .05  IN  FILE  CODEi  RKl tC00145.0DN 

YIELD  STRESS  «  54  KSI  FITO  CODEi  RKl IC00145.0F0 


SPECIMEN  TAFL-1 

HtT) 

SPECIMEN 

TYPE 

REF 

K-MAX 

2A 

2A/U 

K>BAR 

DELTA 

DA/DN  VALID 

t 

IN 

K-BAR 

IN/CYC  PER 

ASTM 

4.9 

.3041 

.1014 

5 

4.5 

1.08794E-07 

Y 

2 

5.09 

.3281 

.1094 

5.29 

4.7A 

1.94278E-07 

y 

3 

5.48 

.3781 

.12A 

5.A8 

5.11 

1.810A3E-07 

Y 

4 

5.88 

.432A 

.1442 

A.OA 

5.4A 

2.1A21AE-07 

V 

S 

A. 25 

.484A 

.lAlS 

A. 74 

A. 07 

4.3A7A5E-07 

Y 

A 

7.22 

.A331 

.211 

8.02 

7.22 

3.21250E-0A 

Y 

7 

8.81 

.8901 

.29A7 

9.1A 

8.25 

5.45238E-0A 

Y 

B 

9.51 

1.004A 

.3349 

9.92 

8.93 

7.73530E-0A 

Y 

9 

10.34 

1.13A1 

.3787 

10.83 

9.75 

1.04138E-05 

Y 

10 

11.33 

1.2871 

.4291 

11.97 

10.77 

1.47200E-05 

Y 

11 

12. A4 

1.4711 

.4904 

13.39 

12.05 

1.74545E-05 

Y 

12 

14.18 

1.AA31 

.5544 

15.58 

14.02 

3.49405E-05 

Y 

13 

17.13 

1.9SA6 

.AS22 

27.14 

24.43 

1.45A51E-04 

Y 

(4 

48.43 

2.8206 

.9403 
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TABLE  K56 

FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED 
WITH  FIGURE  K19  (SPECIMEN  T6  FL-3) 


CRACK  GROWTH  TEST  OF  ALCOA  2091  SHEET  SPEC  T6FL-3 

H(T)  SPECIMEN  TYPE  L-T  ORIENTATION 


TEMP  «  78 

REL 

HUM  *  95  X  2B-JUN-B9 

U  *  3  IN 

B  « 

.1411  IN  R  >  .33 

FREQUENCY  - 

10 

HZ 

HUMID  AIR  ENVIRONMENT 

GRID  SPACING 

n 

.OS 

IN 

FILE  CODE:  RKl tD00045.DDN 

YIELD  STRESS 

M 

53.3 

KSI 

FITO  code:  RKl >000045. OFO 

SPECIMEN  T6FL-3 

MIT) 

SPECIMEN 

TYPE 

lEF 

K-MAX 

2A/U 

K-BAR 

DELTA 

OA/ON 

VALID 

• 

IN 

K>BAR 

IN/CYC  PER  ASTM 

1 

6.59 

.5301 

.1767 

6.76 

4.53 

3.15625E-07 

Y 

2 

6.93 

.5806 

.1935 

7.07 

4.73 

3.54167E-07 

Y 

3 

7.2 

.6231 

.2077 

7.4 

4.96 

7.87500E-07 

Y 

4 

7.6 

.6861 

.2287 

7.76 

5.2 

9.79999E-07 

Y 

5 

7.91 

.7351 

.245 

8.05 

5.39 

l.lOOOOE-06 

Y 

6 

6.18 

.7791 

.2597 

8. 45 

5.66 

2.18750E-06 

Y 

7 

8.72 

.8666 

.2689 

9.03 

6.05 

3.38333E-06 

y 

8 

9.35 

.9681 

.3227 

9.56 

6.41 

3.46500E-06 

Y 

9 

9.78 

1.0374 

.3458 

10.06 

6.74 

5.63750E-06 

Y 

10 

10.35 

1.1276 

.3759 

10.52 

7.05 

4.50000E-06 

Y 

11 

10.7 

1.1816 

.3939 

10.85 

7.27 

5.87502E-06 

Y 

12 

11.01 

1.2286 

.4095 

11.22 

7.52 

6.44999E-06 

Y 

<3 

11.44 

1.2931 

.431 

11.71 

7.84 

7.70000E>06 

Y 

14 

11.98 

1.3701 

.4567 

12.26 

8.21 

9.81249E-06 

Y 

15 

12.55 

1.4486 

.4829 

12.84 

8.6 

1.26667E-05 

Y 

16 

13.13 

1.5246 

.5082 

13.3 

8.91 

1 .07500E-05 

Y 

17 

13.47 

1.5676 

.5225 

13.71 

9.18 

1 .4S000E-05 

Y 
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da/dN  (IN/cycle) 


AK  (MPaVm) 


AK  (ksiVin) 


FIGURE  K20.  FATIGUE  CRACK  GROWTH  RATES  FOR 
2091-T8X  0.144  INCH  SHEET  RELATIVE 
TO  2024-T351  (T-L  ORIENTATION). 
NORTHROP. 
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da/dN  (mm/cycle) 


TABLE  K57 


FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED 
WITH  FIGURE  K20  (SPECIMEN  T6  FL-1) 


CRACK  CROUTH  TEST  OF  ALCOA  2091  SHEET  SPEC  T6FT-1 

H(T)  SPECIMEN  TYPE  T-L  ORIENTATION 


TEMP  «  SO  REL  HUH  «  9S  X  12-JUL>89 


U  >  3  IN 

B  « 

.1424  IN 

R  *  .1 

FRESUENCY  > 

10 

HI 

HUMID 

1  AIR  ENVIRONMENT 

GRID  SPACING 

- 

.05  IN 

FILE 

CODEi  RK 1100004 A. DON 

YIELD  STRESS 

m 

49  K61 

FITO 

CDDEi  RKl 1000047. DFO 

SPECIMEN  TAFT-1 

NIT) 

SPECIMEN 

TYPE 

REF 

K-NAX 

2A 

2A/U 

K-BAR 

DELTA 

DA/DN  VALID 

A 

IN 

K-BAR 

IN/CYC  PER 

A8TN 

1 

S.S7 

.1437 

.0479 

6.27 

5.64 

1.93750E-07 

Y 

2 

A. 92 

.2212 

.0737 

7.89 

7.1 

8.28125E-07 

Y 

3 

8.8 

.3537 

.1179 

12.19 

10.97 

7.56B75E-06 

Y 

4 

1S.3S 

.9592 

.3197 

18.52 

16.66 

2.93750E-05 

V 

5 

21.97 

1.54A7 

.5156 

22.81 

20.53 

6.17500E-05 

Y 

6 

23.  A7 

t.A702 

.55A7 

24.36 

21.93 

9.30001E-05 

y 

7 

25.08 

I.7A32 

.5877 

25.63 

23.07 

6.84999E-05 

Y 

8 

2A.2 

1.8317 

.6106 

26.84 

24.15 

7.35000E-05 

Y 

9 

27.49 

1.9052 

.6351 

28.62 

25.76 

1.17000E-04 

Y 

10 

29.8 

2.0222 

.6741 

30.82 

27.74 

2.28751E-04 

Y 

11 

31.88 

2.1137 

.7046 

32.7 

29.43 

2.51922E-04 

Y 

12 

33.55 

2.1792 

.7264 
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TABLE  K58 

FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED 
WITH  FIGURE  K20  (SPECIMEN  T6FT-3) 


CRACK  CROUTH  TEST  OF  ALCOA  2091  SPEC  T6FT-3 

H(T)  SPECIMEN  TYPE  T-L  ORIENTATION 


TEMP  -  80 

U  «  3.0002  IN 

FREfiUENCY  >  10  HZ 

CRIO  SPACING  -  .05  IN 

YIELD  STRESS  -  S4  K8I 

SPECIMEN  T6FT-3 

REL  HUN  >  SO  X  08-06-89 

B  >  .1425  IN  R  «  .33 

LAB  AIR  ENVIRONMENT 

FILE  CODEi  RKltA00702.0DN 

FITO  CODEI  RK1IA00702.DFD 

HIT)  8PECINEN  TYPE 

REF 

K-HAX  2A 

IN 

2A/W 

K-BAR 

DELTA 

K-BAR 

DA/DN  VALID 

IN/CYC  PER  ABTM 

1 

S.31 

.2652 

.0884 

5.38 

3.6 

5.72917E-08 

Y 

2 

S.4S 

.279 

.093 

5.68 

3.8 

1.93582E-07 

Y 

3 

5.9 

.3257 

.1086 

6.46 

4.33 

2.06557E-07 

Y 

4 

6.99 

.4517 

.1506 

7.29 

4. SB 

3.29422E-07 

Y 

S 

7.58 

.5247 

.1749 

7.98 

5.34 

5.513I6E-07 

y 

6 

8.37 

.6294 

.2098 

8.67 

5.81 

8.S9134E-07 

Y 

7 

8.98 

.7127 

.2376 

9.42 

6.31 

1.77BS7E-06 

Y 

8 

9.87 

.8372 

.279 

10.54 

7.06 

2.69286E-06 

Y 

9 

11.21 

1.0257 

.3419 

11.41 

7.64 

2.70000E-06 

Y 

10 

11.6 

1.0797 

.3599 

12.11 

8.11 

3.98551E-06 

Y 

11 

12.63 

1.2172 

.4057 

12.86 

8.61 

4.0S405E-06 

Y 

12 

13.09 

1.2772 

.4257 

13.36 

8.95 

4.72222E-06 

Y 

3 

13.63 

1.3452 

.4484 

14.19 

9.51 

5.443S5E-06 

Y 

14 

14.77 

1.4802 

.4934 

15.06 

10.09 

6.55000E-06 

Y 

IS 

15.36 

1.5457 

.5152 

17.12 

11.47 

7.40938E-06 

Y 

16 

19.08 

1.8932 

.631 

19.51 

13.07 

1.01S15E-0S 

Y 

17 

19.96 

1.9602 

.6534 

20.22 

13.55 

1.24167E-0S 

Y 

18 

20.48 

1.9975 

.6658 

21.05 

14.1 

1.52499E-05 

Y 

19 

21.64 

2.0737 

.6912 

22.17 

14.85 

2.14167E-05 

Y 

20 

22.71 

2.1379 

.7126 

23.53 

15.76 

2.94166E-0S 

1 

21 

24.38 

2.2262 

.742 

26.72 

17.9 

4.02000E-0S 

Y 

22 

29.4 

2.4272 

.809 
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APPENDIX  L 


2091 -T8  0.5  Inch  Plate 
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TABLE  LI 


COMPANY 


MARTIN 

MARIETTA, 

LOUISIANA 

AIR  FORCE 


COMPANY 


AIR  FORCE 


TENSILE  RESULTS  FOR  ALCOA 
2091-T8  PLATE  (0.5-  X  48"  X  48") 


TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(») 

RA 

(*) 

RT 

LONG 

74.8 

62.1 

11.0 

11.4 

74.2 

61.4 

11.0 

10.8 

75.2 

62.3 

10.0 

11.4 

RT 

LONG 

76.2 

64.0 

8.9 

16.2 

75.6 

63.4 

9.4 

17.0 

75.3 

62.8 

8.6 

15.1 

AVERAGE 

75.2 

62.7 

9.8 

13.7 

STANDARD 

DEVIATION 

0.7 

0.9 

0.4 

1.1 

TABLE  L2 

TENSILE  RESULTS  FOR  ALCOA 
2091-T8  PLATE  (0.5"  X  48"  X  48") 


TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%) 

RA 

(») 

RT 

30 

71.6 

52.9 

11.6 

16.2 

71.6 

53.2 

11.7 

18.4 

AVERAGE 

71.6 

53.1 

11.7 

17.3 

STANDARD 

DEVIATION 

0.0 

0.2 

0.1 

1.5 

E 

(MSI) 


E 

(MSI) 


TABUS  L3 


TENSILE  RESULTS 

FOR  ALCOA 

2091-T8  PLATE  (0.5" 

X  48"  X  48 

") 

COMPANY 

TEST 

ORIENT¬ 

ULTIMATE 

YIELD 

ELONG 

RA 

B 

TEMP 

ATION 

STRENGTH 

STRENGTH 

(*) 

(*) 

(MSI) 

(DEGREES 

r) 

(KSI) 

(KSI) 

AIN  FORCE 

RT 

45 

64.0 

46.6 

19.4 

32.9 

63.6 

45.9 

19.1 

35.5 

63.6 

45.9 

19.6 

33.6 

AVERAGE 

63.7 

46.1 

19.4 

34.0 

STANDARD 

DEVIATION 

0.2 

0.4 

0.3 

1.3 

TABLE  L4 

TENSILE  RESULTS 

FOR  ALCOA 

2091-T8  PLATE  (0.5" 

X  48"  X  48 

") 

COMPANY 

TEST 

ORIENT- 

ULTIMATE 

YIELD 

ELONG 

RA 

E 

TEMP 

ATION 

STRENGTH 

STRENGTH 

(*) 

(*) 

(MSI) 

(DEGREES 

P) 

(KSI) 

(KSI) 

MARTIN 

RT 

L  TRANS 

72.9 

55.0 

14.0 

18.8 

MARIETTA, 

72.2 

54.1 

14.0 

18.8 

LOUISIANA 

73.5 

55.0 

14.0 

14.2 

AIR  FORCE 

RT 

L  TRANS 

73.6 

55.6 

12.1 

24.9 

73.8 

55.7 

11.5 

24.5 

73.8 

55.4 

13.0 

22.7 

AVERAGE 

73.3 

55.1 

13.1 

20.7 

STANDARD 

DEVIATION 

0.6 

0.6 

1.1 

4.1 
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TABLE  L5 


COMPRESSION  RESULTS  EOK  ALCOA 
2091-T8  PLATE  (0-5“  X  48"  X  48") 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(MSI) 

MARTIN 

RT 

LONG 

52.2 

11.8 

MARIETTA, 

51.4 

11.8 

LOUISIANA 

52.4 

11.8 

AVERAGE 

52.0 

11.8 

STANDARD 

DEVIATION 

0.5 

0.0 

TABLE  L6 

COMPRESSION  RESULTS  FOR  ALCOA 
2091-T8  PLATE  (0.5"  X  48”  X  48") 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(KSI) 

MARTIN 

MARIETTA, 

LOUISIANA 

RT 

L  TRANS 

57.9 

58.8 

11.9 

11.9 

AVERAGE 

58.4 

11.9 

STANDARD 

DEVIATION 

0.6 

0.0 
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TABLE  L7 


FRACTURE  TOUGHNESS  RESULTS  FOR  ALCOA 
2091-T8  PLATE  (0.5“  X  48“  X  48") 


COMPANY  ORIENTATION  KIC  Kq 

(KSI  in^O.5)  (KSI  in-O.S) 


MARTIN  L  -  T  33.8 
MARIETTA,  31.1 
LOUISIANA  37.4 

AVERAGE  34.1 
STANDARD  DEVIATION  3.2 


(1):  SPECIMEN  SIZE  TOO  SMALL 


COMPANY 


TABLE  L8 

FRACTURE  TOUGHNESS  RESULTS  FOR  ALCOA 
2091-T8  PLATE  (0.5"  X  48”  X  48") 

ORIENTATION  KIC  Kq 

(KSI  in"0.5)  (KSI  in"0.5) 


MARTIN  T  -  L  34.0 
MARIETTA,  37.8 
LOUISIANA  37.4 

AVERAGE  36.4 
STANDARD  DEVIATION  2 . 1 


(1);  SPECIMEN  SIZE  TOO  SMALL 


COMMENT 


INVALID(l) 

INVALID(l) 

INVALID{1) 


COMMENT 


INVALlD(l) 
INVALID(l) 
INVALID (1) 
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TABLE  L9 


POST-OVERLOAD  FATIGUE  TEST  RESULTS  for  2091-T8 
0.5  INCH  PLATE  and  2091-T83  0.144  INCH  PLATE 


R-0.0S  LABAIR  <felte-K«6.0kii(ai)^3  ONE  OVERLOAD  CYCLE  APPLIED 


(tt/dN®O.L  DELAY  CYCLES 

%O.L  A/W  Pd/Pmaac  (iHn/cvcl  (nO'*^-a) 

PLATE  SPECIMEN  THICKNESS  •  0.250' 


0.309 

0.402 

0.104 

171.7 

0.403 

0.4S0 

0.190 

140.7 

0.S59 

0.440 

0.414 

83.4 

0.000 

0.300 

0.380 

85X 

PLATE 

SPECIMEN 

THICKNESS  • 

0.140' 

0.401 

0.045 

OiST 

WTMMt 

0.447 

OJOO 

0X05 

mrm 

0.407 

0X35 

0.135 

137.6 

0.415 

0X40 

0X70 

■irMt 

0.404 

0X04 

0X67 

881.0 

0X02 

0X47 

0.148 

126.7 

0X41 

0X00 

0.140 

72X 

0X54 

0X23 

0.120 

58X 

0.000 

0X74 

0.107 

71X 

SHEET 

SPECIMEN 

THICKNESS 

-  0.140* 

0204 

0X10 

1227 

132 

0270 

0X11 

0X80 

31.0 

0X14 

0X05 

R436 

17.4 

0X15 

0X01 

1X01 

18.7 

0X40 

0.403 

1.133 

30X 

0X00 

0>U 

2X86 

13X 

0X00 

0.413 

2X31 

22.0 

0X47 

0X40 

1X24 

14X 

0X10 

0X78 

3.143 

11X 

0.574 

0X44 

3X27 

10X 
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DELAY  KILOCYCLES 


200 


t50 


100 


A1  2091-T8 

I  « 


ooooo  plate 
o  D  D  o  o  SHEET 


o 


o 


o 


o 


o 


o-H 

0.20 


o 


o 


T"  »"r~r  1 — \  I  I  I"  r  i  i  i  i '  i  i  \  |~t  i  t  i  n — i  i  i 

0.40  0.60 

a/W 


FIGURE  LI .  A  Comparison  of  Delay  Cycles  Due  to  Fatigue  Crack 
Growth  Retardation  for  a  60  Percent  Overload  Cycle 
at  a  stress  Intensity  of  6  KSlIn  in  2091-T81  Plate 
Versus  2091 -T83  Sheet.  Thickness  of  the  Compact 
Tension  Specimens  Used  for  Plate  and  Sheet  was 
0.144  Inch. 
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0.80 


FIGURE  L2.  Delay  Cycles  Due  to  Fatigue  Crack  Growth 

Retardation  for  an  80  Percent  Overload  Cycle  at 
a  Stress  Intensity  Range  of  6  KSIJin,  in  2091 -T81 
Plate,  with  a  Specimen  Thickness  of  0.250  Inch. 
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o/W 


FIGURE  L3.  A  Comparison  of  the  Crack  Closure  Level 
Prior  to  the  Application  of  a  60  Percent 
Overload  Cycle.  Note  the  Larger  Level  of 
Crack  Closure  in  the  Plate  as  Compared  to 
Sheet  Which  Correlates  with  the  Overload 
Delay  Cycles. 
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TABLE  LI  0 

POST-OVERLOAD  RECOVERY  EXTENSION 


IN  2091  PLATE  AND  SHEET 


1610.  UbAIr  R..a6 

<1ii/dN®0.L 
a/W  (u-liVeyc) 

0ns  Omtoad  Cycla  Applad 

Clack  Tip  PMIc  2lona>0204  (jn) 

Accolaralalnlo  Post  O.L  RsoowBiy 

PMtcZons?  (M»AM 

PLATE  (250  in.  ttiicIO 

80  PERCENT  OVERLOAD 

0.360 

0.184 

Yaa 

0.020 

0.463 

0.190 

Yaa 

0.025 

0.559 

0.414 

Yaa 

0.025 

0.600 

0200 

Yaa 

0.015 

PLATE  (.144  In.thicl0 

80  PERCENT  OVERLOAD 

0.401 

0.007 

Yea 

aiiaat 

0.447 

0295 

No 

anast 

PLATE  (.144  in.  tMCiO 

00  PERCENT  OVERLOAD 

0.407 

0.135 

No 

0.015 

0.415 

0.078 

No 

anaat 

0.484 

0.057 

No 

0.024 

0.502 

0.148 

No 

0.016 

0.541 

0.140 

No 

0.015 

0.654 

0.120 

No 

0200 

0.606 

0.107 

Yaa 

0216 

SHEET  (.144  ln.lMcig 

80  PERCENT  OVERLOAD 

0.246 

1227 

Yaa 

0.018 

0.276 

0.606 

Yaa 

0.015 

0.314 

2.435 

Yaa 

0.042 

0.315 

1281 

Yaa 

0220 

0.348 

1.133 

No 

0.020 

0268 

2285 

Yaa 

0226 

0.400 

3231 

Yaa 

0.025 

0.447 

1224 

Yaa 

0.016 

0216 

3.143 

No 

0220 

0274 

3227 

Yaa 

0226 
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60  PERCENT  OVERLOAD 
2091-T83  SHEET 
L330L60B 


crack  extension  after  overload  (in) 


FIGURE  L4.  Crack  Velocity  Versus  Post-Overload  Crack 
Extension  for  Alloy  2091-T83  Sheet. 


60  PERCENT  OVERLOAD 
2091 -T81  PLATE 
LT70L60 


1  0  I  IT  n  I  I  I  I  I  I  I  n  I  1  r ti  i  |  m  n  n  i  i  i  i  i  i  i  i  i  i  i  n  |  i  i  i  i  r i-rn~| 

-0.05  -0.03  -0.01  0.01  0.03  0.05 

crack  extension  after  overload  (in) 


FIGU  RE  L5.  Crack  Velocity  Versus  Post-Overload  Crack 

Extension  for  Alloy  2091-T81  Rate  0.144  Inch 
Thick  Specimen. 


crack  extension  after  overload  (in) 


FIGURE  L6. 


Crack  Velocity  Versus  Post-Overtoad  Crack 
Extension  for  Alloy  2091 -T81  Plate  0.250  Inch 
Thick  Specimen. 


FIGURE  Ml .  8090-T8  HAT  EXTRUSION  GEOMETRY. 


R=0.125 


0.60 


Radius  for  qU  owtside  corners=0.05 


ALL  DIMENSIONS  ARE  IN  INCHES 


FIGURE  M2.  8090-T8  L-EXTRUSION  GEOMETRY. 
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TABU  Ml 


OOMPANT 


ARMT-MTL 


CXM4PANY 


ARHT-NTL 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8  HAT  EXTRUSION 


TEST  ORIENT- 

TEMP  ATION 

(DEGREES  F) 


RT  LONG 


AVERAGE 
STANDARD  DEVIATION 


ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

62.5 

55.4 

62.8 

56.0 

63.3 

55.6 

63.5 

56.7 

62.8 

55.9 

62.9 

56.3 

62.9 

56.0 

0.4 

0.4 

EIXNiO 

(*) 

RA 

(») 

COMMENT 

4.1 

3.9 

TOP 

5.5 

5.7 

TOP 

5.1 

5.5 

TOP 

4.3 

5.9 

TOP 

4.7 

5.3 

TOP 

3.8 

4.5 

TOP 

4.6 

5.1 

0.6 

0.8 

TABLE  M2 

TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8  HAT  EXTRUSION 


TEST 

ORIENT¬ 

ULTIMATE 

TEMP 

ATION 

STRENGTH 

(DEGREES  F) 

(KSI) 

RT 

LONG 

64.1 

63.4 

64.3 

63.5 

63.1 

61.9 

AVERAGE  63.4 

STANDARD  DEVIATION  0.9 


YIELD 

STRENGTH 

(KSI) 

ELONG 

{*) 

RA 

(%) 

COMMENT 

56.6 

4.5 

4.1 

BOTTOM 

57.1 

3.3 

3.6 

BOTtCH 

54.7 

5.0 

5.3 

BOTTOM 

56.3 

5.7 

5.9 

BtynoH 

55.9 

3.5 

4.2 

BOTTOM 

55.4 

4.2 

6.5 

BOTTOM 

56.0 

4.4 

4.9 

0.9 

0.9 

1.1 
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TABLE  M3 


COMPANY 


ARMY'MTL 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8  HAT  EXTRUSION 


TEST 

ORIENT¬ 

ULTIMATE 

TEMP 

ATION 

STRENGTH 

(DEGREES  F) 

(KSI) 

RT 

LONG 

64.0 

64.3 

64.1 

64.7 

65.2 

64.5 

AVERAGE  64. S 

STANDARD  DEVIATION  0.4 


YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

(*) 

COMMENT 

55.7 

5.6 

5.8 

SIDE 

56.9 

4.1 

4.2 

SIDE 

57.0 

4.8 

5.7 

SIDE 

57.4 

4.5 

4.1 

SIDE 

57.8 

5.5 

3.7 

SIDE 

57.3 

5.5 

4.6 

SIDE 

57.0 

5.0 

4.7 

0.7 

0.6 

0.9 
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TABLE  M4 


COMPANY 


ARMY-MTL 


COMPANY 


ARMY-MTL 


BEARING  RESULTS  POR  ALCOA 
8090-T8  HAT  EXTRUSION 


ORIENTATION  e/D  BEARING  BEARING  COMMENT 


ULT. 

LONG  1 . 5 

AVERAGE 
STANDARD  DEVIATION 


STR. 

(KSI) 

YIELD  STR. 
(KSI) 

8S.9 

74.2 

TOP 

87.5 

73.4 

TOP 

85.6 

75.2 

TOP 

86.3 

74.3 

1.0 

0.9 

TABLE  MS 

BEARING  RESULTS  FOR  ALCOA 
8090-T8  HAT  EXTRUSION 


ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

COMMENT 

LONG 

1.5 

91.7 

81.6 

SIDE 

95.4 

80.9 

SIDE 

93.2 

80.1 

SIDE 

AVERAGE 

93.4 

80.9 

STANDARD  DEVIATION 

1.9 

0.7 
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TABLE  M6 


COMPANY 


ABMY-MTL 


COMPANY 


ARMY-MTL 


BEARING  RESULTS  FOR  ALCOA 
8090-T8  HAT  EXTRUSION 


ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(ESI) 

BEARING 
YIELD  STR. 
(KSI) 

COMMENT 

LONG 

2.0 

98.9 

78.6 

TOP 

104.0 

82.5 

TOP 

106.2 

81.5 

TOP 

AVERAGE 

103.0 

80.9 

STANDARD 

DEVIATION 

3.7 

2.0 

TABLE  M7 

BEARING  RESULTS  FOR  ALCOA 
8090-T8  HAT  EXTRUSION 


ORIENTATION 

e/D 

SEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

COMMENT 

LONG 

2.0 

116.3 

89.0 

SIDE 

111.6 

89.0 

SIDE 

112.9 

89.9 

SIDE 

AVERAGE 

113.6 

89.3 

STANDARD 

DEVIATION 

2.4 

0.5 

loO 


TABLE  MB 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  a090-T8771  "L"  EXTRUSION 


COMPANY  TEST  ORIENT-  ULTIMATE  YIELD  BLONG  RA  B 

TEMP  ATION  STRENGTH  STRENGTH  (%)  (%)  <MSI) 

(DEGREES  F)  (KSi;  (KSI) 


ARMY-MTL  RT  LONG  76.0 

66.8 

70.8 

69.8 

69.4 

69.4 

MARTIN  RT  LONG  72.1 

MARIETTA,  LA  70.3 

70.4 

79.5 

79.5 

78.9 


AVERAGE  73.0 

STANDARD  DEVIATION  4.4 


69.6 

2.8 

10.9 

57.5 

3.2 

11.0 

58.0 

4.7 

11.3 

58.0 

5.2 

11.1 

59.0 

3.4 

10.8 

58.0 

4.1 

11.3 

64.9 

5.0 

4.9 

(1) 

60.1 

6.0 

6.3 

(1) 

59.6 

5.0 

3.3 

(1) 

76.8 

5.0 

4.1 

(2) 

76.3 

3.0 

3.9 

(2) 

76.8 

5.0 

4.1 

(2) 

64.8 

4.6 

4.4 

11.1 

8.4 

0.9 

1.0 

0.2 

(1) :  THICK  SECTION 

(2) :  THIN  SECTION 
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TABLE  M9 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 


ALCOA  8090-T8771  "L 


COMPANY  TEST  ORIENT-  ULTIMATE 

temp  ati<»(  strength 
(DSGRKES  F)  (RSI) 


ARMY-MTL  RT  L  TRANS  68.2 

68.4 
68.6 
68.0 

67.5 

68.5 

martin  RT  L  TRANS  69.9 

MARIETTA,  LA  69.6 

70.0 


AVERAGE  68.7 

STANDARD  DEVIATION  0.9 


(l)j  THIN  SECTIW 


EXTRUSION 


YIELD 

STRENGTH 

(KSl) 

ELONG 

(*) 

RA 

(*) 

E 

(MSI) 

52.8 

6.3 

11.0 

53.8 

5.0 

10.8 

53.0 

6.5 

10.6 

52.5 

6.5 

10.3 

54.0 

4.1 

11.0 

53.5 

5.9 

10.8 

55.1 

8.0 

11.0 

(1) 

55.4 

7.0 

8.0 

(1) 

55.2 

8.5 

9.0 

(1) 

53.9 

6.4 

9.3 

10.8 

1.1 

1.4 

1.5 

0.3 
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TABLE  MIO 


COMPANY 


ARMY-MTL 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8771  "L"  EXTRUSION 


TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(*) 

RA 

(%) 

E 

(MSI) 

RT 

S  TRANS 

66.5 

51.0 

6.0 

9.9 

58.3 

43.0 

8.0 

9.6 

67.0 

52.0 

8.0 

9.8 

AVERAGE 

63.9 

48.7 

7.3 

9.8 

STANDARD 

DEVIATION 

4.9 

4.9 

1.2 

0.2 
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TABLE  Mil 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8771  "L*  EXTRUSION 


CXMIPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

CXHfPRESSIVE 

MODULUS 

(KSI) 

ARMT-MTL 

RT 

LONG 

65.3 

10.6 

54.6 

10.4 

53.8 

11.1 

61.7 

9.9 

52.8 

11.9 

53.9 

10.8 

MARTIN 

RT 

LONG 

49.8 

11.5 

(1) 

MARIETTA,  LA 

43.4 

(1) 

50.0 

11.9 

(1) 

54.1 

11.9 

(2) 

47.9 

11.8 

(2) 

47.7 

11.8 

(2) 

AVERAGE 

52.9 

11.2 

STANDARD  DEVIATION  6.0  0.7 


(1) :  THICK  SECTION 

(2) :  THIN  SECTION 
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TABLE  M12 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  3090-T8771  “L*'  EXTRUSION 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  P) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(RSI) 

COMPRESSIVE 

MODULUS 

(KSI) 

ARMY-MTL 

RT 

L  TRANS 

58.2 

9.5 

59.9 

11.9 

58.8 

13.4 

55.7 

11.8 

58.1 

11.3 

64.7 

8.9 

MARTIN 

RT 

L  TRANS 

52.0 

11.9 

(1) 

MARIETTA,  LA 

49.8 

11.7 

(1) 

49.8 

11.8 

(1) 

AVERAGE  56.3  11.4 

STANDARD  DEVIATION  5.0  1.4 


(l)t  THICK  SECTION 
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TABLX  M13 


COKPlOtSSION  RESULTS  AT  t/2  LOCATION  FOR 
ALCOA  8090-T8771  "L*  EXTRUSION 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIBNTATICm 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

COMPRESSIVE 

ttODXJLVS 

(KSI) 

ARMY-NTL 

RT 

S  TRANS 

51.5 

10.1 

52.0 

11.2 

52.0 

11.5 

MARTIN 

RT 

S  TRAMS 

50.1 

11.7 

(1) 

MARIETTA,  LA 

50.2 

11.8 

(1) 

50.1 

11.4 

(1) 

AVERAGE 

51.0 

11.3 

STANDARD  DEVIATION 

0.9 

0.6 

(1)<  TRICK  SECTKMf 
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TABLE  M14 


RIVST  SHEAR  RESULTS  FOR  ALCOA 
8090-T8771  "L"  EXTRUSIOM 


OONPANT  ORIBNTATI(»l  SHEAR 

STRENGTH 

(KSI) 


ARHT-MTL  LONG  40.7 

41.4 

45.0 

39.6 

41.4 

39.9 

AVERAGE  41.3 

STANDARD  DEVIATION  2.3 


TABLE  N15 

RIVET  SHEAR  RESULTS  FOR  ALCOA 
8090-T8771  "L"  EXTRUSION 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


ARMY-MTL  L  TRANS  38.3 

37.5 

35.5 

38.7 
38.0 

36.8 


AVERAGE 


37.5 


STANDARD  DEVIATION 


1.4 
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TABU  M16 


FRACTtTU  TOOGHMBSS  RESULTS  FOR 
ALCOA  8090-T8771  “L**  RXTRUSICRI 


ooMPAmr 


ORIBNTATIOM  XIC  Kq  COHMBNT 

(KSI  in'^0.5)  (KSX  in''O.S) 


ARmr-KTL 

L-T 

31.9 

(1) 

32.9 

(1) 

30.2 

(1) 

29.0 

(1) 

MARTIN 

L-T 

33.1 

(1) 

MARIETTA,  LA 

38. S 

(1) 

36.3 


AVBRAGB  36.3  32.6 

STANDARD  DEVIATION  3.3 


{l)t  IhVALID  DOB  TO  B  <  2.5{KQ/Fty)^2 
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TABLS  N17 

FRACTORB  TODGHMBSS  RBSULTS  FOR 
ALCOA  8090-T8771  "L*  BZTRUSION 


CONPANy  ORIBNTATICMI  XIC  Kq 

(KSI  in^O.5)  (KSI  in''0.5) 


ARia>im. 


T-L 


MARTIN 

MARIBTTA,  LA 


T-L 


20.2 

19.7 

18.0 


29.8 

28.9 

30.8 
30.2 

30.9 


AVERAGE 
STANDARD  DEVIATION 


19.3 

1.2 


30.1 

0.8 


(1) }  INVALID  DUE  TO  Pmax/Pq  >  1.10 

(2) t  INVALID  DUE  TO  B  <  2.S(KQ/Fty)^2 


COMMENT 


(1),(2) 

(1).(2) 

(1).(2) 

(1)»(2) 

(1),(2) 
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TABUS  M18 


FRACTURC  TOUGHNESS  RESULTS  FOR 
ALCX>A  8090-T8771  "L"  EXTRUSION 


COMPANY  ORIENTATION  KIC  Kq 

(KSI  in^O.5)  (ESI  in^O.S) 


ARNY-NTL  S-L  22.6 

22.6 

22.7 

22.4 
22.3 

21.5 


AVERAGE  22.4 

STANDARD  DEVIATION  0.4 


TABLE  M19 

FRACTURE  TOUGHNESS  RESULTS  FOR 
ALCOA  8090-T8771  "L"  EXTRUSION 


CCNfPANY  ORIENTATION 

KIC 

(KSI  in^O.5) 

Kq 

(KSI  in*0.5) 

MARTIN  S-T 

19.2 

MARIETTA,  LA 

20.9 

21.7 

AVERAGE 

20.9 

20.5 

STANDARD  DEVIATION 

1.8 

(l)t  INVALID  DUE  TO  Pmax/Pq  >  1.10 


COMMENT 


COMMENT 


(1) 

(1) 
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TABLE  H20 


CXMPANY 


AHMY-MTL 


(*)t  RUM 


FATIGUE  RESULTS  WITH  R«0.1  AND  Kt«1.0  FOR 
ALCOA  8090-T877I  "L"  EXTRUSION 


ORIBNTATICm 

STRESS 

(KSI) 

CYCLES 

LONG 

47.5 

30,000 

39.3 

164,000 

30.1 

1,411,000 

28.0 

3,639,000 

27.8 

171,000 

27.5 

11,787,000  * 

26.2 

10,382,000  * 

OUT 
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Max  Stress  (fCSI) 


FIGURE  M3.  FATIGUE  RESULTS  FOR  8090-T8  771  • 

L-EXTRUSION  (R-O.l  AND  Kt-1.0). 

Army. 
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Fatigue  Crack  Growth  Rate  for  8090*T8 
Extrusion.  L-T  Onentation 


RGURE  M4.  FATIGUE  CRACK  GROWTH  RATES  for 
8090-T8771  L-Extiusion  {L-T  Orientation). 
Martin  Marietta. 
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TABLE  M21 

FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED  WITH  FIGURE  M4 

(Specimen  P-411-LT-2) 


Oporafor 

CPM 

KCksrtsrt: 

0 

S«nprt(Mi: 

inan 

Min  Load 

105  Da. 

MMCfUii 

aaeo-raAKi 

Mai  Load 

1050  Da. 

»•; 

P-41 14.7-2 

TaalModK 

1 

YWdShwigtti 

«.0Mpsl 

OrtaPlMvr. 

0.01  Inch 

Modulus  of  EMUcty 

11.2BJ33pi 

MbiQraMhRrt 

0.000001  inch 

COOPos: 

2 

Compl  Stops: 

2 

CnKfc  PMis: 

LT 

PMfCyela; 

200 

Gsoinrtty: 

1 

Upprt  Stops  LM 

06 

fVKBI. 

1.1S«7 

Loasf  Stops  Lind 

15 

TMcknsss: 

0.5006 

NoolStopasAws. 

5 

HsHapanfMT) 

0 

Conplanea  ConacSon  1.21440 

Environmont 

AIR 

Notch  LangOi; 

0.4757  Mil 

Tompsotun; 

00 

Piacncfc  LangUt 

ososench 

Humidhi: 

Ti 

PiscraefcCycta 

552S11 

WSvrtcffic 

1 

Pracmck  Max  Load 

1200.64  Da. 

TsM  Fraqutnqr 

30 

PiocnefcMInLaad 

120410  tM. 

TsrtfVps; 

1 

OPoirta; 

33 

Cpcias 

Crack  Laniph,  Inch 

dMN.  MiVCycIs 

(tC  prt  aqn  inch 

DrtMLoadba. 

05101 

0.5256 

0 

0 

048417 

132024 

04350 

0 

0 

040.682 

178420 

0.5450 

0 

0 

965.056 

100000 

0.5500 

^74t07 

12372 

04744 

250615 

0.5006 

3646417 

12068 

945406 

200060 

0.5784 

4.66E-07 

13258 

053125 

305150 

04006 

6.02E4I7 

13624 

940.184 

323275 

0.6000 

7476-07 

14150 

057.01 

336375 

04101 

8.74607 

14326 

94744 

347470 

0.6206 

1.166-06 

14815 

961.637 

350500 

0.6320 

1.41606 

15450 

057.01 

384625 

0.64)7 

1.49606 

15800 

955.056 

370025 

0.6661 

1.68E-06 

16176 

954.079 

370780 

0.8801 

306606 

17061 

956.056 

386620 

0.6704 

370606 

17683 

950.941 

380570 

0.6011 

333606 

18187 

954.079 

301060 

0.7015 

377608 

18612 

953.591 

305340 

0.7130 

446606 

19617 

060.453 

307385 

0.7230 

5.48606 

20136 

957.01 

300430 

0.7327 

640606 

20020 

057.490 

401145 

0.7440 

7.65E-06 

21847 

863872 

402856 

0.7600 

9.15606 

23123 

960.041 

404565 

0.7750 

1.Q7E-05 

23006 

900.712 

406610 

0.7874 

1.18606 

25660 

965.804 

406650 

0.8012 

145605 

26206 

967.758 

407600 

04146 

1.48605 

31360 

965.315 

406736 

0.8281 

1.58E-05 

33285 

977.528 

400700 

04441 

0 

0 

079.971 

410156 

0.8560 

0 

0 

079.482 

410666 

0.8707 

0 

0 

960.048 

411240 

0.8812 

0 

0 

088476 

411610 

04071 

0 

0 

906.50 

411085 

0.9215 

0 

0 

987496 

FMCycto:  412200 
LmI  Court:  1 
LM(Court2:  1 
Sp«i:  100 
Mmr:  0 
rtMMmrthod:  2 
PrtirpakM:  7 
StrtlmxU:  1050.32  IM. 

Srtrt  iMK  k  13570.1  prt  aqit  inch 
NoIm: 

Torti  won  partamadwUittw  TOR  Clack  GrarthPro(p«nr  ton  MariikntVaraian  1.54. 

7)w  crtcfc  iMigaw  rtm  oomciad  bnod  on  tiM  M  mMsuranartt. 

Hw  (Mi  WM  Mongod  iNino  Mw  7  poM  potynonW  mrthod. 

Tlw  pNcmek  Pirn  iMd  of  1207  Do.  iwuMd  In  ■  4Ma  13%  ttan  Ihi  MM  Pmw  IM  load  o(  1050  fei.  dd 


» 
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TABLE  M22 

FAUGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED 

(Specimen  P-41 1-LT-6) 


WITH  FIGURE  M4 


Opamair. 

cpm 

KOiaiaam: 

0 

SampMdala: 

7/20)03 

Mai  Load: 

319  ka. 

Matanat 

8000-78  AHj 

Max  Lead 

1050  ka 

lOr 

P-411-LT2 

Taalkloda; 

1 

YMStrangai; 

68.060  pu 

OalaPtMiii: 

201  aich 

Maduanol  biaal: 

1 1263333  pai 

Mai  Oroaan  flea: 

2000001  aiah 

COOPPa; 

2 

ConpISIOpa: 

2 

Crack  Plana: 

LT 

PtaCtdr 

200 

Oaomaky: 

1 

Upper  Slopa  Lana: 

85 

watt 

12006  men 

LoawSlopaLant 

15 

Thiduiaaa: 

25003  ran 

NoelSMpaaAvn: 

1 

Ha6tpan(MT): 

0 

Conpaanca  Cor.: 

1.06217 

envacnmant 

Ain 

ttotchLangtc 

0.4821  XKh 

Tamparatum: 

70  dag.  P 

Piacracfc  Lan^Cc 

06403  inch 

Hun^. 

72% 

Piacrack  Cydaa: 

907^20 

Vtanatann 

1 

Piacradi  Max  Load; 

1102Ska. 

Taat  Piaquancy; 

30  Hi 

Piacrack  Mai  Load: 

327.306  ka. 

TaatTypa: 

1 

aPoaila: 

42 

Cyciaa 

Crack  Langdi,  inch 

dMdN.  aidOeyda 

dK.paiaqni 

103 

2405 

0 

0 

36160 

0.494 

0 

0 

56310 

0603 

0 

0 

■100S  0.SU 

ioQi*s  o.sa4 

11381S  0.531 

135260  0J47 

146560  0.557 

151025  0.570 

157205  0.570 

168220  0.566 

173375  0.600 

181400  0600 

167530  0.630 

104030  0.630 

106720  0J30 

204275  0.646 

300510  0.660 

217715  0.672 

222070  0.661 

225625  0.601 

228855  0.700 

232250  0.710 

235010  0.71O 

337200  0.730 

230155  0.741 

240470  0.750 

241040  0.700 

242775  0.760 

243025  0.761 

244635  0.760 

245505  0.700 

248105  0J11 

246710  0.621 

247305  0J34 

247820  0.845 

248170  0.654 

248525  0.666 

248680  0.676 

240155  OJOS 

240350  0.00! 

240465  0.911 

RtiilCyelK  240.595 
UOCoum:  43 
La«tCauM2;  l 
Span:  100 
MaasO 

dMNmtM:  1 
PolypoinlKO 

Start  max  load:  1062.7611a. 

Start  mart  his.  460  pat  iqrt  inch 


Taata  »a«  patlomiad  aitoi  6»  xon  Oaefc  Ortrtrth  PiojiaBi' Own  w 

ThaaracmangOiawataeartaeiadtiaaadooOiainaliiaaaaamami. 

ThadateaiaaaaatagaduainoOiaOpoitOpolimonaatniatwt 


0 

6.S3E-07 

7.74£4)7 

0.59E-07 

t.f4E4)6 

1.106.06 

1.2764)6 

1.406.00 

1.466.06 

13164)6 

1.6264)6 

1.7064)6 

1.7164)6 

16264)6 

1.0264)6 

21764)6 

24264)6 

27764)6 

32164)6 

32364M 

4.5564)6 

5.4964)6 

25764)6 

7.4664)6 

27764)5 

0.036416 

1.166.06 

12064JS 

1.57E4» 

12064)5 

20164)9 

2306.05 

27064)9 

32264)9 

0 

0 

0 

0 

0 


Oalta  Lead.  fea. 
740.107 
75232 
735222 
742107 
74255 
744.903 
754.703 
746270 
737.065 
740.670 

704.533 

752.32 
754.763 
744.003 
754.703 
748.870 
757  206 
740670 

752.33 
700.410 

784.533 
774.304 
706.078 
782.001 
778.746 
771.681 
780.419 
774.304 
771661 
774.304 
786617 
762517 
784.074 
786.990 
788.090 
001.172 
706.267 
703.845 
703.645 

806.5 

608.5 
813.385 


da/dN,  inch/cyda 


Fatigue  Crack  Growth  Rate  for  8090-T8 
Extrusion,  T-L  Orientation 


FIGURE  M5.  FATIGUE  CRACK  GROWTH  RATES  for 
8090-T8771  L-EXTRUSION 
(T-L  Orientation). 

MARTIN  MARIETTA. 


TABLE  M23 


FATIGUE  CRACK  GRv^WTH  RATE  DATA  ASSOCIATED  WITH  FIGURE  MS 

(Specimen  P-41 1-TL-2) 


Oparalor: 

epm 

KGimim* 

0 

Samptadaii: 

7/2092 

MklLoad; 

90  bs. 

MalwW: 

8000-T8  At-U 

Max  Load; 

900  ba. 

10  •: 

P-411-TL-2 

TaatModa; 

1 

YWdStangVi: 

5S>3apM 

OataPllnM; 

0.01  inch 

ModukM  of  Baat 

9.263.333  pal 

Mbi  Qrawti  Rata; 

0.000001  inch 

COO  Pot; 

2 

CompiStapa; 

2 

Crack  Plana: 

TL 

PtM:ycta: 

200 

Qaomaky: 

1 

UpparSlopaUmit 

86 

Width: 

1.1998  inch 

LoiwarSlopaLin* 

16 

TMchnaaa: 

0.5993  inch 

NeolSlo^Aya; 

1 

Hatlapan(MT): 

0 

Complanca  Cor.: 

23.0314 

EnvtrmvianL 

AIR 

NofehUngVi; 

0.481  inch 

Tamparataa: 

71da9.F. 

Pracracfc  Langvi: 

0.542  inch 

Humkity; 

73% 

Pmcrack  Cydaa: 

232012 

Watiakirm: 

1 

Piacradc  Max  Load: 

879.336  ba. 

Taat  Pfaquancy. 

30  Hz 

Praoraek  Min  Load: 

75.7206  ba. 

TaatTypa: 

1 

fPointr 

20 

Cydaa 

Crack  LangVl.  inch 

daAM.  nctMcyda 

dK.  pai  aqrt  inch 

Dana  Load.  ba. 

102 

0.4323 

0 

0 

825.598 

2593 

0.4435 

0 

0 

635.369 

20719 

0.4566 

0 

0 

64Ze87 

34715 

0.4876 

9.5BE-07 

9022 

836.369 

47520 

0.4796 

1.08E-08 

9336 

842.697 

57990 

0.4908 

1JZ3E-06 

9668 

842.697 

68185 

0.5025 

1.48E-08 

9912 

847.562 

75330 

0.5146 

1.83E-06 

10096 

84Z697 

81600 

0.5258 

Z38E-0e 

10430 

847.582 

87780 

0.5384 

3.37E-08 

10851 

850.024 

90445 

0.5497 

4.2SE-0e 

11126 

864.91 

93875 

0.5637 

5.90E-08 

11484 

850.024 

95480 

05753 

8.03E-06 

11901 

859.795 

97185 

0.5881 

1.13E-C6 

12369 

862237 

98235 

0.5999 

1.52E-05 

12640 

869366 

99145 

0.8152 

Z17E-05 

13188 

859.796 

OCMOC 

VlfPV9 

0.6300 

3.47E-06 

13932 

884.68 

100400 

0.6440 

0 

0 

87Z00e 

100590 

0.8502 

0 

0 

879.336 

100780 

0.6810 

0 

0 

884221 

Final  Cyda: 

100820 

Laat  Count; 

21 

LaatCount2: 

21 

Span: 

100 

Maan: 

0 

dAMNmaOiod: 

1 

Potypokilr 

7 

StMtmaxld: 

908.24  ba. 

Start  max  k: 

8539.27  pai  aqrt  inch 

NotM: 

TMtswmpwtaniMdwflMha 'COR  Clack  QRMthPtogriin' from  Intoitatan,  Rtv.  1.54 
Tha  crack  langlha  waia  ooiracM  tMMd  on  Via  frnU  maawranwnt*. 

Tha  dtfa  waa  aiwagad  uffrig  Via  7  point  pdynomW  maticd. 
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TABLE  M24 

FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED  WITH  FIGURE  MS 


(Specimen  P-411 -TL-4) 
KQ/ma^  0 


OparalDr. 

cpm 

KOradant 

0 

Sampiadaia: 

7/20192 

MkiUiait 

270  ba. 

8090-T8AI-U 

Max  Load; 

SOObs. 

10*; 

P-411-Tt-4 

TaalModa; 

1 

YWd  SIrangIh 

56200  pal 

DataPtmM: 

0.01  inch 

ModukiaotElaslIcity 

9^.333  psi 

Mki  Qroivti  Rala; 

0.000001  inch 

COO  Position; 

2 

CompISIopa: 

2 

Crack  Plana: 

n. 

Pts/Cyda: 

200 

Qaomatry; 

1 

Uppar  Slopa  Limit 

85 

Width; 

1.196  inch 

Lcwar  Slopa  Limit 

15 

TMcknass: 

0.5983  kieh 

NoolStoposAva: 

1 

Had  span  (MT) 

0 

CompllafMa  Cot.: 

1.04518 

Environmant 

AIR 

Notch  Langth: 

0.4788  inch 

Tamparatura: 

TOdagiaaaF. 

Pracrack  Langth; 

0.540  inch 

Humidlly: 

72% 

Praoaek  Cydas: 

161228 

Wavatorm: 

1 

Pracrack  Max  Load: 

889.106  inch 

TaatFraqtianey 

30  Hz 

Pracrack  Min  Load: 

236.932  inch 

TaatTypa: 

1 

#Pointr 

21 

DaltaLoad.ba. 

Cydaa 

Crack  Langih,  itch 

daAM,  nch/cydo 

dK,  pal  sqit  inch 

102 

0.477122 

0 

0 

666.63 

80e4 

0486019 

0 

0 

661.944 

17811 

0.496762 

0 

0 

664.387 

26S4S 

0.506321 

1.24E-06 

7908.28 

669.272 

34068 

0.515525 

1.40E-06 

8103.03 

671.715 

40796 

0.52494 

1.60E-06 

8284.49 

671.715 

46567 

0.534579 

1.80E-06 

8532.1 

676.6 

51146 

0.544001 

ZOOE-06 

a64^17 

671.715 

65880 

O.S32S2 

2JZ7E-06 

8911.49 

676.6 

60615 

0.563792 

Z65E-06 

921721 

681.485 

63995 

0.573166 

3.30E-06 

935274 

676.6 

67615 

0.584118 

4J7E-06 

9760.35 

663.928 

69880 

0.503483 

6.68E-06 

10104.7 

688.813 

70945 

0.603432 

8.7oe-06 

10314.4 

891.255 

72170 

0.612938 

1.16E-05 

10651.5 

693.698 

72835 

0.622871 

1.S2E-05 

10873.:; 

893.668 

73740 

0.63399 

Z43E-05 

11343.3 

603.696 

74170 

0.643239 

4.02E-05 

118152 

701.026 

74440 

0.656417 

0 

0 

701.026 

74625 

0.668738 

0 

0 

703.468 

74735 

0.68147 

0 

0 

713239 

Final  Cyda: 

74735 

Last  Count 

22 

Last  Count  2: 

1 

Span: 

100 

Maan: 

0 

dAMNmalhod; 

2 

Polypolnli; 

7 

Start  max  Id; 

920.88 

Stvtmaxk; 

11229 

NotM; 

Te€t»ww»p«tofin«lw«h  #1*  •CQR  Crack  Qrcwlh  Projram*  from  Irtatlakan  Varaion  1.54. 

T»iaeiaeklanglhiiiafaco»raeiadba»adonlhallnalm«3iufamant»- 

Tha  di*i  WBi  aaaragad  tiling  •>#  7  point  pdynomial  matiod 
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TABLE  M25 

FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED  WITH  FIGURE  MS 

(Specimen  P-41 1  -TL) 


Oparalor 

cpm 

KOradant 

0 

SampladBt*: 

lamsB 

Mb  Load; 

90 

Malarial: 

8090-T8 

Max  Load: 

900 

IO«: 

P-411-7L 

Taat  Mods: 

1 

YWd  Skanglli: 

56.209  pal 

Data  PI  bM. 

0.01  inch 

Moduha  ol  Elast 

9.263.333  pai 

MbOrawthRata: 

0.000001  Inch 

COOPos: 

2 

CompISIopa; 

2 

Crack  Plana; 

TL 

PtsA^yda; 

200 

Qaomaky; 

1 

Uppar  Slop*  Limik 

86 

Wktti; 

1.197  Inch 

Lowar  Stop*  Limit 

15 

TWeknass: 

0.5995  inch 

NoolSlopssAy*; 

3 

HaMapan(MT): 

0 

Compkano*  Cor.; 

1.11667 

Environmant 

AIR 

Notch  Length: 

0.477  inch 

Tamparatura: 

70  dag.  P. 

Pracrack  Lsngih: 

0.540  Mh 

Humklty; 

72% 

Praaack  Cydas: 

271.614 

Wavatorm: 

1 

Pracrack  Max  Load: 

861.8  b*. 

Taat  Praquancy; 

30  Hz 

Pracrack  Mb  Load: 

68.4  b*. 

TaalTypa: 

1 

•Pobis; 

21 

Cydas 

Crack  Langtti,  inch 

daMN.  bcMcyda 

dK,  pal  sqrt  inch 

Dalla  Load,  b*. 

197 

0.472871 

0 

0 

836.163 

26854 

0.482567 

0 

0 

838.626 

38197 

0.493092 

0 

0 

840.254 

46238 

0.502636 

9.03E-07 

9757 

838.626 

59180 

0.512279 

t.ioeo6 

10100 

841.882 

67025 

0.521875 

126E-06 

10300 

842.897 

75245 

0.S31116 

1J0E-O6 

10612 

847.582 

82420 

0.543767 

1.90E-O6 

10857 

844.325 

88200 

0.553981 

^35E-06 

11172 

845.953 

93110 

0.564713 

3.10E-06 

11544 

848.396 

95925 

0.576006 

3.97E-06 

11799 

850.024 

09265 

0.586188 

5.3%-06 

12232 

860.839 

101210 

0.59915 

0.88E4)6 

12581 

852467 

103155 

0.612628 

9.47E-06 

13117 

856.538 

104405 

0.623243 

t.32E-05 

13605 

858.168 

105130 

0.634197 

1.91E-05 

14096 

865.494 

105680 

0.643613 

Z80&05 

14430 

860.609 

106056 

0.655555 

4.07E-05 

16019 

869.565 

106260 

0.665868 

0 

0 

865.494 

106465 

0.675114 

0 

0 

867.123 

10S665 

PkialCyda; 

Laat  Count 

Last  Count  2 

Span: 

Moan: 

dAklNmaOMd; 

Poly  points: 

Start  max  kt 

Start  max  k: 

0.69 

106.725 

22 

1 

100 

0 

1 

7 

911.1  bs. 

10943.8  pal  sqrt  inch 

0 

0 

876.079 

NotM: 

TmI*  war*  parformad  with  tha  *CQR  Cmck  QrowVi  Program'  from  Inlailakan,  Rav.  1.54 
Th*  crack  langlhs  war*  oonadad  basad  on  th*  Anal  maasuramants. 

Tha  data  waaawaragaduaingth*  7  port  polynomial  malwd. 
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da/dN,  inch/cyda 


Fatigue  Crack  Growth  Rate  for  8090-T8 


FIGURE  M6.  FATIGUE  CRACK  GROWTH  RATES  for 
8090-T8771  L-EXTRUSION 
(S-T  Orientation). 

MARTIN  MARIETTA. 


a 
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TABLE  M26 

FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED  WITH  FIGURE  M6 

(Specimen  P-411 -ST-2) 


Oparatar 

epm 

KOradant 

0 

SampiadalB; 

7/20192 

MbiLoMt 

100  fee. 

MaMlW: 

8000-TBAHJ 

MaxLoait 

1000  ka. 

10  •; 

P-411-ST-2 

TaatModa: 

1 

YWdSbangIh: 

66.200  pti 

OatiPtInkit 

0.01  Inch 

ModukwofBatt 

9.263.333  pti 

MbtGnMrihRala; 

0.000001  Inch 

COOPoa; 

2 

CempiStapa: 

2 

Crack  Plana; 

ST 

Pti/Cycia; 

200 

Qaomaky; 

1 

Upper  StepaUmit 

86 

WkJRl; 

1.2012  inch 

UaMrSlo^Unlt 

IS 

TMeknaaa: 

0.5987  Inch 

NoafStapaaAwa: 

5 

HaHtpan  (MT): 

0 

ComplanaaCar.: 

1.1208 

EntkonnMnt 

AIR 

Notch  Ltngti: 

a48i7inch 

Tamparakira: 

72  dag.  F. 

Piaerack  Uaigbi; 

0.560  kich 

HunWV; 

70% 

Pracrack  Cydat; 

itiracordad 

Wawafarm: 

1 

nacrackMoiUiad: 

1070.71m. 

Taai  Praquancy: 

30  Hz 

Pracrack  MkiLooft 

107.0  fca 

TaatTVp* 

1 

wn  1  1 

vrOlItt; 

14 

Cydaa 

Crack  Langlh.  Inch 

diMN.IneMeycta 

dK.ptiaqrtinch 

DailaLoaitiM. 

231 

0.607021 

0 

0 

019.394 

6500 

0.51871 

0 

0 

815.488 

11636 

0.532583 

0 

0 

915.488 

15696 

0.545582 

^06E•06 

11722 

917.929 

22717 

0.569751 

3.42E-06 

12255 

914.998 

26777 

0.571909 

5JI1E-06 

12724 

917.44 

.  26956 

0.584801 

7.94E-06 

13149 

918.417 

30066 

0.586039 

1.196-06 

13337 

913.043 

31158 

0.606355 

1.766-05 

13072 

923.302 

31720 

0.620262 

2226-06 

14321 

924279 

32297 

0.631771 

3.00&06 

14840 

926234 

32661 

0.660231 

0 

0 

024.768 

33419 

0.669072 

0 

0 

924.768 

33716 

0.6837 

0 

0 

931.118 

Final  Cydo: 

33867 

Laat  Count 

16 

ljBatCaunt2; 

1 

Span: 

100 

Mmm:  0 

dAAdNmMhod;  1 

PolypoMs;  7 

StartiMPcIoad:  1006.351m. 

StwtnMXk:  10501.5  pdaqrt  Inch 

NotM: 

TMi«wmpMforin«dwilhtM*CCnCnefcGtoo«HhPro9«n‘»amlnlMUan.ncv.  1.54 
Tlw  crack  IcngtM  «wm  corracM  bated  on  liM  kwl  nMMuraRMnli. 

71m  olabi  Mt  matagad  utbig  «M  7  point  pciynotnW  mttiad. 

Tha  pracraek  Pmax  load  of  1071  Iba.  ratuliad  in  a  daRa  7%  N(Far  than  IM  MW  Pmw  laal  load  of  1000 IM.  dd. 
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TABLE  M27 


FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED  WITH  FIGURE  M6 

(Specimen  P-41 1  -ST -4) 


Opamtor 

epm 

KOndtom: 

0 

Swnptadato: 

laana 

MtoLoad: 

270  toa. 

Matoriai: 

8000-TBM-U 

Max  Lead 

900  toa. 

10  •; 

P-411-ST-4 

Taat  Mods: 

1 

Vlald  StoangHc 

55209  pal 

OamninM; 

0.01  Inch 

ModuhiaolElast 

9263.333  pal 

MtoOrawttRata: 

0.000001  inch 

COOPoa; 

2 

CcmpIStopa: 

2 

Cnck  Plana: 

ST 

PtwCyeia: 

200 

Qaomaky: 

1 

Uppar  Stops  Limit 

86 

WHJffi 

1200  inen 

Lamar  Stops  Limit 

IS 

Ihicknaas: 

0.5007  ncti 

NootStopaaAvs: 

1 

KMr«p«)(MT): 

0 

ComplanoaCar.: 

0.640211 

Env: 

AIR 

Notehtongih: 

0.4796  inch 

Tamp: 

70  dag.  F. 

naemefc  Langih; 

034ineh 

Hunddly; 

72% 

Pisemek  Cydaa; 

180.566 

Wavatorm: 

1 

Piacncfc  Max  Load; 

1038.1  toa. 

Taat  Fnquaney. 

30  Hz 

Pracraek  Min  Load: 

300.44  toa. 

TaatTVpa: 

1 

dPoints: 

31 

Cydaa 

Cnck  Langih,  Inch 

daAdN.  mehtoyds 

dK,  pal  aqrt  inch 

Oalla  Load.  toa. 

a04 

0.535 

0 

0- 

644.846 

10Z7 

0.646 

0 

0 

644.846 

33151 

0.556 

0 

0 

647289 

SOTOS 

0.567 

0 

0 

849.731 

73082 

0377 

8.t8E-07 

9080 

8SZ174 

84367 

0.580 

9.32E-07 

9258 

640.731 

98972 

0.600 

t.tOE-06 

9641 

649.731 

109162 

0.611 

124E-06 

9982 

664.617 

116227 

0.624 

13^-06 

10141 

649.731 

124732 

0.636 

1.49E-06 

10496 

66Z174 

132042 

0347 

131E-0e 

10913 

667.059 

141112 

0.660 

1.79E^» 

11320 

0SZ174 

146817 

0.670 

1.07E-06 

11647 

06Z174 

150602 

0.880 

219E-06 

11808 

66Z174 

156762 

0.691 

Z67E-06 

12497 

667.069 

160887 

0.701 

3.19E^ 

12921 

657.060 

164677 

0.712 

3.99&06 

13617 

661.944 

167347 

0.724 

S.04EKW 

13902 

657.069 

169057 

0.736 

62tE-08 

14443 

664.387 

171647 

0.746 

8.66E-08 

16346 

664.387 

173037 

0.^ 

t21E45 

16059 

664287 

173647 

0.788 

139E-OS 

16324 

864.387 

174372 

0.778 

Z16E-06 

17294 

669272 

175042 

0.791 

3.09E-0S 

18389 

661.044 

175472 

0.806 

4.60E^)5 

19981 

676.6 

175742 

0.818 

8.64E-06 

29679 

674.157 

175937 

0.829 

0 

0 

676.6 

178047 

0.843 

0 

0 

676.6 

178157 

0.666 

0 

0 

663.026 

176267 

0.873 

0 

0 

679.043 

178382 

0.891 

0 

0 

681.485 

Final  Cyda: 

176432 

Last  Count 

32 

Last  Count  2: 

32 

Span: 

100 

Maan: 

0 

oMAdNma0K)d: 

1 

PotypoMs: 

9 

Start  nwKtt 

908.647  toa. 

Start  max  k: 

Nolaa: 

11,168.7  pal  aqrt  Inch 

TmM  wan  pwfeniwdwHhllM'CQRCmGkarewlh  Program*  ftominlMlaton.Rtv.  134 
11w  oraek  tangOw  wan  oomcM  band  on  Vw  anal  mMwnnwnt*. 

'Hw  dMa  waa  (wangad  uiino  lha  9  poM  potynomU  mafwd 

Hw  pnenck  PiMK  load  of  1038  ka.  nwIlKl  In  a  (Ma  14.6%  Mn  MW  Pmax  toad  o( 909 IM.  dU 
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TABLE  M28 

FATIGUE  CRACK  GROWTH  RATE  DATA  ASSOCIATED  WITH  FIGURE  M6 

(Specimen  P-41 1-ST-6) 


Opantar 

epm 

KOraHant 

0 

SamptodrtK 

raona 

Mb  Lead 

04  ba. 

•MmW: 

aooo-TiAMJ 

MiKLaad: 

040  ba. 

»•; 

P-411-ST-8 

TaatModa: 

1 

VUdStangti: 

S5;aepai 

Data  PI  bM 

aoibch 

MocMm  ol  EiMt 

O^HS^pai 

MbOrawbRab: 

OJXXioOl  bchbwh 

COO  Pm; 

2 

CompISbpa; 

2 

Crack  PIm: 

ST 

PbCpcb: 

200 

OMmaty; 

4 

UpparSbpaLMt 

85 

fVlQIn. 

1.1002  Inch 

LMMrSbpaLMt 

15 

IWeknara: 

0.8007  Inch 

NoolStapaaAva; 

1 

KMcpm(MT): 

0 

CawplaneaCor.: 

1.214 

Eiw; 

AIR 

Nolchijangb: 

a4782beh 

TcmiK 

71  dag.  P. 

t  1  1  .44 

rtwMmM  LingBt 

0.540  hch 

HutnUy. 

72% 

PraeraekOyelaa; 

208,233 

WtaMtorm: 

1 

PraemckMcRLMd 

886.863  ba. 

Tool  FfoQuonc^ 

30  Hz 

PiacrackMbLoad: 

683028  ba. 

TMtTypa: 

1 

ffi*iMraK 

23 

CydM 

Crack  Langlh.  inch 

dabN.  behteyeb 

dC  pal  aqrt  bch 

OaMaLoadlba. 

103 

0.546078 

0 

0 

874.46 

1S442 

0.558871 

0 

0 

874.46 

2S448 

OS87000 

0 

0 

870.338 

3162S 

0J77573 

1.74E-06 

12186 

878.803 

30313 

0.800622 

Z17E-06 

12841 

876.803 

43733 

0.802378 

229E-08 

13010 

870338 

48073 

0.813231 

ZSOE^ 

13376 

879.338 

51940 

0.623713 

2.04&a8 

13744 

879338 

DWOO 

0.834800 

4.00E-06 

14440 

886.663 

50800 

0.844888 

8S1E-06 

14024 

886.663 

00006 

0.656287 

8.42E-06 

15200 

888.663 

02190 

0.866447 

1.06E-06 

16720 

886.683 

03100 

0.682332 

1.36E-06 

18348 

801.549 

64330 

0.802437 

1.83E-05 

17253 

893.991 

64915 

0.703001 

Z75E-05 

17945 

808.434 

0.72127 

4.03E-06 

10012 

808.878 

66690 

0.73106 

4.48E-06 

19715 

006.647 

66000 

0.742488 

4.74E-0S 

10060 

911.080 

66225 

0.757520 

632&«6 

21027 

011.080 

66415 

0.770321 

7.00E^ 

22530 

008.847 

66606 

0.781477 

0 

0 

028.188 

66715 

0.800784 

0 

0 

025.746 

0.812337 

0 

0 

036.516 

FkwICydK 

88000 

Last  Count 

1 

LMtCount2: 

0 

Span: 

100 

Mmr 

0 

(MAMmatficKt 

1 

Pelypainti: 

7 

StMtmaxkrad; 

8,565  be. 

SIwtmaxk: 

12,313  pal  aqrt  kwh 

NoIm^ 

TMtiwmpMfonMdwWittw*CCmCmGkQrowti  Program*  tom  Rov,  1.54 

Th#  Oracle  lofiQflho  MWfo  ooffiolod  boood  on  9io  4nil  ifMOfurainoolo. 
Thof<irairatow<oraflidu*igtra7poirapolynoBraiwot^ 

153 


*u.s.GavEMiMQiTPNNTM6omcE:  iwi-sao-ioe-ao6io 


